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Baron of LEES, KG 


| Right Honourable, Gy? 
| ce Lthough the knowledge and Praftice *- 
the Art of Navigation be of late years 
grown to a far greater Perfection, than 
it can appear to have had inany former 
IG Age; and by that means, the. World; | 
and all the parts thereof, have been fur- P: 
| ther diſcovered,y! ea, failed round about : the Traffick 
and entercourle of ſeveral Nations, how remote ſbe« 
ver, facilitated : knowledge in Divine and Humane 
things divulged : and (which,as I conceive, is of oft 
importance, ſeeming as yet to be the principal: ſcope 
of the Divine Providence in diſcovering theſe My- 
lteries) the light of the glorious Goſpel of Chriſt, be- 
ing the mighty power of God unto " aPk is extend 
ed to thole filly captives of Satan in America, by means + 
of thoſe many Plantations we have amongſt them: 
FE which Plantations (even from their firſt breathing) 
have received no ſmall furtherance from your Noble 
| _ Ffavourand bounty, as I know by my own experience - 
in that where ſometimes I was, and have underftood 
no leſs by others in the reſt. A 2 Yet 
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The Epiſtle DEDICATORY: 


| Yetnotwithſtanding this notable growth and daily 


exerciſe of the Art of Navigation, it (till remains 1im- 
perfet in ſome points. For whereas the practice 


thereof doth eſpecially confiſt in the knowledge of 
Latitudes, Courſes, and'diſtances ; the way of finding 
Diſtances at Sea ; namely, by the Log and Live, 15 
rather opinionative & conjectural, than certain, being 
grounded-upon this ſuppoſition, thatthe Compaſs of 
the World jn. any great Circle is 21600 1taliar Miles 
(as they call them) and that ſuch an 1:4/iaz Mile con- 
tains ooo Paces, and every of thoſe Paces 5 Engliſh 
Feet :. and according to theſe meaſures they divide 
their Log-l/ine,and keep their account of the Ships way 
at Sea, | 
Having therefore by an Experiment which I made 
a year ſince, found more nearly the Compaſs of. the 
Earth, and the quantity of a degr. on the ſame in our 
known meadures, and applyed'it to uſe in Navigation, 
in this Treatiſe follovving : and further added ſome 
other ſuch thirgs as I conceived to be vvanting in the 
Practice of that Art : I have preſumed to preſent it 
to your Lordihip, as vvell becauſe by your knovy- 
ledge in Navigatio, and the experience you have 
had in-your Honourable enterprizes-at Sea, you are 


_ .vvell able to judge of it : as alſo being confident that 


according to your Noble diſpofition you vvill fa- 
vourably accept thereof, though othervviſe of it ſelf 

unvvorthy.. The moſt high God ever Blefled and 

glorious, multiply unto your Honour all his Bleffings 

3n Chriſt Jeſus. 

| Cour Honewrs in all due Obſervance, 


| RICHARD NORWOOD. 
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 Tothe READER. 


He Circuit of the Earth and Sea (2s the Circumference of eyery 


Circle) contains 360 degr. by which degr- the diſtances therecn 


are meaſured, ſo that the knowledge of the quantity of. ſuch a 
degr. in our known meaſures, is a fundamental Principle 3n Cofy0- 
graphy and Navigation, as upon which 1s grounded the reckoning 
of the Ships way, or diſtance run... For though a Mariner being in his Voy- 
age on the vaſt Ocean, hath ſometimes three things to. certtfie. him where 


ke is. and how to ſhape his Courſe to his defired Port, namely, his Latitude, 


Ceurſe, and Diſtance ; and ſometimes a fourth, namely, ſome near con- 
zecture of his Longitude. by the Variation, or otherwiſe ; yet oftentimes 


(as in cloſe weather) he hath nothing bur his Courſe and Diltance ; other. . 


whiles only his Latitade and Diſtanceis his chief guide in talling with his 


intended Port. 1 know it is uſual to allow near 7 Fathoms or 41 57 Feet to - 


a Knot, and fo many of thoſe Knots as run out in half a Minute, ſe.many 
Miles they account the Ships way to be in an hour. And if in half amis. 


ſhe run 41 2 Feet, then in 60 min, or an hour, ſhe runs Jeoo Feet 3 and- 
thus they account 5000 Ewgliſh Feet, or 1c00 Paces to be a Mile, and 60. 


of thoſe Miles to be a degr. ſuch as the whole Circumference 1n any great 
Circle is 360. But how is this known to be true 7 If it be anſwered, that it 1s 
known to be ſo by Experiet:ice ; then I wew'd know further by what Experi- 


ment this was found to be ſo? Where,%& by whom made? T prels this ſo much; 


the rather , becauſe I am perſwaded we have at this day as many excellent 
Xazicators in this Kingdom, and as great Voyages performed, as from any 
other place in the World ; and | ſhould be glad to hear of the experimcn- 
tal reſolution of this Problem by ſome of them, though it were but in run- 
ning.$ or 1 degr. near the Meridian : for ſo I doubt not but that which I 
have here written thereof, would receive further confirmation, ard-better 
entertainment, than happily.it will now, being ſs much different from the 
common upinion, and the Arts of Navigation and Coſmography, would. 
be much mere perfedted in ſhc yt time. For one Errour (as a trutfu] Mc- 
thcr) is -oftentumes the cauſe of more, aud ſo the removing of one 1s the: 
occafion of removing others, .eſpecialiy when they do mutualiy ſupport one: 
arothcr : Aswe ſhall here ſhew how the Errour 1n the projetion and uſe 
of the cemmon Sea-Chart, is ſupported by this Frrour .of accounting only 
. 200200 of our feet to a degy. and this in like fort upheld by that, fo that 
they wilt ſtand or fail togerner And finely that had fajlen long ſince, be; 
ing- lo manifeſtly coryinces , it at had not been upheld by this, ' For the 
. confutig 
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To the Reader. | 


.confuting of that, (I mean the common Sea-Chart) it was ſufficient ts 
- know that the Earth and'Sea make one Spherical body, but 1 diſproving 
and reQifying this, 1t 1s neceflary to know moreover what is the quantit 
of that Spherical body : and to that end it was neceſ{ary to make a ſenfible 
application of onr known Meaſures, to a detcrniined part of the whole, 
that ſo the quantity of that determined part being known, and the pro- 
portion thereof to the whoſe, the quantity of the whoJe might alſo be diſ- 
ceyered, And this I have endeayoured in the Experiment following, which 
if I haye not handled ſo exaRt]y 1n al] points as foine would defire $ That 
r-quiring more time and charge. (than 1 could well beftow) yet I doubt not 
bur-it will be found that | hay2 come very near the Truth, Some happily will 
cenſure me for being my ſelf at the expence to make ſuch an experiment. 
But I was as frugal m 1t as 1 ceuld, adding pains and induftry to iave ex- 
pence ; | came up in1oor x11 days, and had other neccflary occafions to 
Jead me from the one place to the other, and did th:s as a thing falling op- 
portunely in my way. But indeed (as in all other parts of Learnirg) fo in 
the Mathematicks, cſpecially in their application, or middle Mathema# 
ticks (as {vme call them) it 18 neceflary with Speculation te join actual 
and experimental praG&iccs; the tormer being empty and uncertain without 
- theſe. It is true, that the hiathemaricks attord Jarge Fields of delighttyl 
ſpeculations, whejetn a Ivian might waik far with much pleaſure : But if 
from ſo many fair Fiowers he bring home no honey, or from ſuch large 
Fields no ſheaves: T mean, if he bring not thoſe Speculations to ſome uſetul 
practices, neither himſeit nor otkers are like to receive much fruit by them, 
"But this 1n&eccd cannot be cfietted without mere Jabour and difficulty, yet 
' ſometumes it requires Mechanical and bodiiy exerciſes, which ſome eftecm 
{too mean and nnworthy to ſtoop unto. But for mine own part, I acknow- 
ledgeto have kad my living and maintenance by the Mathematicks, and 
not by Speculation only, but rather by my practice therein z and therefore 
alſo 1 defhre (whatin me hes) to make them fruitful to my felf and others : 
And to that end haye ſpent 1n ſome Principa] parts of the Mathematicks, 
near as mucni time and means an experimental practices and Concluſions, 
as.in the Speculation : Morcovecr, confidering that this particular. Expert- 
ment was propoſed aboye 30 years {ince by our Courtreyman Mr, Edward 
Bright, toinvite ſome to the tryal of it, as a thing which he would have 
done hinelf, if he had foutid ſuch furtherance and opportunity as he de- 
fired, which it ſeems he did not, nor any other fince that time, Rather 
. than ſo noble and ſo neceſlary a Previen: ſhould lenger reſt unreſolved, I 
took the opportunity oJered, hoping :t may be an occaſion to whet on ſome 
others to dothe like, This with ſome other things which I conceived to be 
wanting 1 the praCtice of Navizaton, I have handicd in this enſuing Trea- 
tiſe, which] commend to your triencly acceptance , Farewel. 
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he taken, or rather miſtaken from Prolomy ;, who ſaith, there | 


Practice. 
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CHAP. I, 


The common Opinions touching the Compaſy of the Earth, 
and quantity of a Degree of the ſame. 


9» T is. a common received Opinion in Englana> 
D (and thelike 1s in other places) thatallowing 5 
of our Engliſh Feet to a Geometrical. Pace , 
1000 of thoſe Paces make an /ta/14» Mile, and: 
60 of thoſe Miles in any great Circle upon the 
Spherical' Surface of the Earth or Sea make a. 
Degree ; and thus it is ſuppoſed, that a Degree 
contains 60 Miles, or:50000 Paces, or 300000 of our Engiiſhh 2 
Feet, and by ſuch Miles do. Mariners: in their Voyages by. 3 
Sea:keep their Reckonings :. And becauſe the whole Circumie- '3 
rence of a Circle is 260 Degrees, therefore the compaſs of the- | 
Earth, according to this Opinion, ſhould be 2 16c o ſuch /cals-x 

Mules, or 216090000 Paces, or 108000000 of our Explijt 
Feet. Whence this Opir.ien eame , or- upon what experimenc 
itſhould be grounded, I cannot certainly ſay ; It may. ieemto- 
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ny ON The S ea-mmans P raice. 


are 560- Stadinms in a Degree , the ſame was before affirmed 
by Martinw 1 yrizs, of whom Preclomy {peaking inthe 1 i'Chap, 


_of his firſt Book of Geograp?y, hath theſe words, Sed 1» hog quo- 


qite rette ſent; partems ununs qalium eft cir cul ma V1 tr1CeN= 
rorues ſexapinta, qringints in terra conſtiine.e Stadia, ud enim 
Fonfeſſis dimrnſiontbus conſounm exiſtii., Now a Stadium not only 
amongſt the Greeks, but as appears by Herodotus, amongſt all 0- 
ther Nations of Aſs and in Egyp;, did conſiſt of 600 Feet, or 
100 Orgyas, an Orgpa containing 6 Feet or 4 Cubits, as our'Fa- 
thom doth : the ſame alfo is teſtityed by $#:4as, and others : ſo 
thata deg. containing 550 Stediunss, and every Stadium G00 


Feet, it follows that a 4-g. muſt contain 400000 Feci, exactly a- 


greeing in number with the common received opinton in Erg/axd, 


. Which therefore may ſeem to be hence derived, and would alſo 


receive much confirmation hereby (he being an Author of ſuch 
approved credit) if it could be approved that our-Exgliſh Feet 
were exaRly equal to the Egyptian or Alexandrian Foot, where 


Prolomy wrote. Otherwiſe that. being true, that ſo many of their - 


Feet make a deg, it will follow, that if outs be greater, there be 
fewer of them contained in a deg. if lefſer, (as undoubtedly they 
-are) there muſt be more of them contained 1n a degr. 

Phil ander in hisCommentary.upon. the third Chap. of the third 
Book of U;travims, hath-expreticd the quantity .of the ancient 
Roman foot, where (by a competent allowance tor the ſhrinkin 
of the Paper being Printed wet } it may probably be gathered that 
1r-was ſomething longer than our E-gl:iſþ Foot. But the Alexan- 
drian and Fgyptian-Foot was much greater, for according to He- 


' romechanict, 5 Alexaxdrian Feet were equal tO 6 Koman Feet : 


ſeeing then the ancient Rowan Foot-was ſomething greater than 
ours, the Alexandrian foot mult needs be much greater than ours, 
So that whereas Prolomy faith there are 500 Stadiums in a De- 
gree , and as We have ſhewed a Scad:iam did conliſt of 660 feet, 
theie being Egyptian or Alexandrian feet, as it is moſt probable, 
being the place where Pro/omy lived ; there mult be a far greater 
number of our Feet in a Stadium, and ſo ina Degree ; whence 
it is evident , that there is no ſufficient footing for this common 
-pinton 1n the aſſertion of Prolomy, Neither 
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The Sea-mmans Prafſice. 


are 560 Stadinms in a Degree , the ſame was before affirmed 
by Martins 1 yrizs, of whom Pr:lomy (peaking inine 1: Chap, 
of his firſt Book of Geoprapoy, hath theſe words, Sed in has quo- 
gre vette ſenti: partems ununs qualium «ff O17 cult maxim tricen- 
rornes ſexapinta, qringints i terra conjtiine & yawn, ud enim 
confeſſis dim»nſionius conſonnmy exiſtii, Now a 5tad:um not only 
amongſt the Gree, but 15 appears by 7#erodoi 1, amongſt all 0- 
ther Nations of Ajz« and in Egyp., did conlitt of 600 Feet, or 
100 Orgzas, an O-gya cont.tning 6 Feet or 4 Cubits, as our'Fa- 
thom doth : the ſame alfo is ieityed by 3#:das, and others : ſo 
thata d?7 containing 500 Studwnss, and every Stadium 600 
Feet, it follows that a 1-g. muſt contain ,-0000 Feci, exactly a- 
greeing in number with the common received opinton in Eng/end, 
which therefore may ſeem to be hence derived, and would alfo 
receive much confirmation hereby (he being an Author of fuch 
approved credit) it it could be approved that our Exglijh Feet 
were exaaly equal to the Egyptian or Alex andrian Foot, where 
:Pral;my wrote. Otherwiſe that being true, that ſo many of their 
Feet make a deg, it will follow, that if outs be greater, there be 
fewer of them contained in a deg, ii leſſer, (as undoubtedly they 
are) there muſt be more of them contained in a degr. 
Phil aader in his Commentary upon the third Chap. of the third 
Book of U.travizs, hath expreſſed the quantity of the ancient 
Roman foot, where (by a competent allowance tor the thrinkir 
of the Paper being Printed wet; it may probably be gathered thar 
ir. was ſomething longer than our E-g/1jÞþ Foot, But the Alexan- 
d-ian and Fpyptian-Foot was much greater, tor according to He. 
' remechanicts, 5 Alexandrian Feet were equal to 6 Koman Feet : 
Feeing then the ancient Rowan Foot was ſomething greater than 
ours, the Ale.randrian foot muſt needs be much greater than ours, 
So that whereas Ptolemy faith there are 500 Stadiums in a De- 
gree, and as We have ſhewed a Sradiam did conliſt of 6e0 teet, 
theie being Egyptian or Alexandrian feet, as it is moſt probable, 
being the place where Pro/omy lived ; there mult be a far greater 
number of our Feet ina Stadizm , and ſoina Degree ; whence 
it is evident , that there is no ſufficient footing tor this common 
opinion an the aflertion of Prolomwy, Neither 
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Neither doth the Practice and Experience of Mariners in thei? 
Voyages at Sea prove it; for.there' is no reckoning or experi. 
ment.at Sea ſet down by any (that I have ſeen) to confirm it. 
And though it be true; that in Sailing between two places that 
lic near to one and the {ame Parallel, they ground their reckon« 
ing chiefly; upon this ſuppoſition, . that : 3 0000 of, 'our Ex £11 
Feet make a Depree ; ' yet catithey- ſeldofn or never by th © 
reckonings diſcern the Errour, the rather for that they have 
been, and for the moſt part are ſtill kept upon the Plain or Com- 
mon Sea-Chart , which. makes a-Degree many, Parallelequal ig 


+ Degree inthe, Equinogtial, .and .ſo makes a Negree inany 
Parallel to eontain 300000 Feet : And it is true, that in 
ſome Parallel a Degree doth contain. only 300000 of our Ex - 
gliſh Feet 3 namely, about that Parallel which is in Latitude. z 5 
Degrees (as we hall further ſhew hereafter) near unto which 
have the principal of our .Eaſtern.and Weftern Voyages been 
made. And thus, though this Opinion of 30e00a Feet,in a 
Degree, and the Projection of the Conw50n-Chart be both erro- 
nious ; ye becauſe the .errqur of the one doth. ſomething-ſzlp 
the other , they could not be ſo calily diſcerned by Experieac 
only. Os ET VN WEE. WE: 
This Opinion of :300000 Engliſh Feet ro:a Degree, may 
ſeem alſo to be ſomething confirmed by an Obſeryation:made.by 
our Countrey-man Maſter Edward #right, upon Mouns! Edge 
comb near Plimouth, of the Semidiametre of the Earth;:which 
he hath fer down1n his. Book, Cf the Correftion of Erronrs 1s 
Navigation, Chapter 15. where he finds the Semidiameter- ro 
be 1831262 1 of our Exgliſh Feet, whence it maybe gathered, 
that ina Degree of a great Circle of the Earth, there. thould 
not be fyll out.32 0000 of our Feet ; but the-way. by: him then 
uſed, though it was very fit for the end whereunto he there ap- 
plies it ; namely, to find the dipping or depreſſion of the appa- 
rent Horizon beneath the true, - according to the heighth of 
the Eye above the water, yet will it calily be granted/to be 
no exact way for finding the Semidiameter , 'and conſequently 
the Circamference of the Earth , or the Quantitie of a Degroe 
ON 
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The Seacians Pra 


beth theiſame';, and' ſo he' days there , thar he nfed that way, be- 


cauſe he wanted opportunity to put th practice a moreiexact way. 
Wherefore for the further ſatistaRion of my: ſelf-and others ih. 
this Point, and chiefly for the neceflary. uſe it huh ih the Pra- 
Qice of; Navigetioz, Ihave mide the experiniztit following, 
that ſo the.quantity of a Degree, : and of 'the whole Compaſs of 


the Earth, might. at leaft-wiſe be nearly know in our Engliſh 
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CHAP. IL EDS 


Av Experiment meade for finding the quantity of a Deg. 
and. ſo the:Cironmference of the Earth and Sea'in onr 


* ' known Meaſures. 


Aving docafionto! bein the City of' ork , about the be- 
ginning of Jwe,. eAmno 1635. I made there ſeveral 
| Obſervations of the Meridian Altitude,of the Sun, the 
VE laſt. of which was made the 11 day of Jute, the Skie: 
was every. of thoſe days ſomething overcaſt ar Noon, yer tiotfo- 
anich.burrhat an Obferyation might be thade td 'nbar fcantling : 
Kndbecauſe' the laft of thoſe Obſervations is molt fir for. the 
preſent occaſion, andthar Day was as clear as any of the 'other, 
wewill here eſpecially make nie of that, 'being 1s followeth, 
'Upon the 11 of -Jw4e' 1635. 1 made an Obfervation near 
the middle of. the'Ciry. of Tork ,.-of the Meridian: Altitude of 
the Sun, by: an Arch of a. Sexrant 'of more than's Foot Semi- 
diameter,” and found the apparent Altitude of the Sun thar Day 
at Noontobe:5'9 deg. 33min... £35 m— 
I had .alſoformerty upon the1 1 Day of June, Auno 1633. 
-obſervedin the City of: Loytev:, near the Tower, 'the apparetir 
Meridian Altieude of the'Sun, andifound the ſimne'to be's 2 deg. 


* 8, J1,/0 *n 
And: 
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The Seemanc Probfive: = " 
"be- ; And ſeeing the Suns Declination upon the tr Day of Juxe 
Way. 1635, andupon the6th Day of Juze 1633, was one and the 
's ih ſame without any ſenſible Ditference , and becauſe theſe Alritudes 
Pra- | differ. bit little, we ſhall not need to-make any: alteration of al-- 
ip, | lowance, in reſpe& of-Declination, Refraction, 'or- Paraltas :- 
wor | Wherefore SubſtraRting the leflex apparent Altitude ; namely, 
glith | 59 degr. 33 min, from the greater 62 der, 1 win. there remains: 


2 degr. 2. $ min, Whichis the Difference of Latitude of theſe two 
Cities ; namely, 'of Loudon and Tork, Ts Bonn A 

 Alſpby the atoreſaid Obfervation made in Fork , it appears, 
po 5 ag of. that City, is 5.3 Deprees, 53 Minutes al- 
moirs ? An es | I 

But to our purpoſe, Coming at that time from thence to 
Lendos, | further found by Meaſure, that the Parallel of York, 


eg. is from the Parallel of Londow, 9149 Chains ; every Chain be- 
"1h ing 6. Poles, and eyery Pole 164 of our Explijh. Feet , that's, 


every Chain 99 Feex..-:(Afﬀer what manner | found this to be 


x ſo, we ſhall further expreſs hereafter : ) But thus, as I ſay, 1 
be- found that ? ork, is more Northerly than Londov, by 9149 
eral Chains : And before we have noted that theſe two places differ 
the in Latitude 2 Degrees 2 $ Minutes.: therefore ic follows, that 2 
kie- Degrees 28 Minyes of the Meridian of the Earth and Sea, is 
to. equal t0 9149 Chains, . And- if accordingly we wou!d know: 
__- --: how many of theſe Chains are contained in + Degree, we may 
the Gnd that by the Rule of Proportion, firſt reducing the Degrees 
&r,, into Minutes, and then ſay, En ns RL LI 

ear IE: the difference of Latitude 148 co. ar. 7.92074; 
of give-ſuch a number of Chains. - - ' . 9149 3.96137 
M- Then 1 Degree, thatis ' i 7: 60 t.77815 
ay vives of ſuch;Chains Is 3709 2.56926 


and ſomewhat more, namely, , 5 Feet, which reduced: into-Feet,' | 


Ze make 3671 96 z thatls, 3672 ceFect 1n a Degree, lacking '4 
= | Feet, which here We Fegard nor. ef. Fralltz's we 
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Thus then, according to this Experiment, it is evident, that 
one Degree of a great Cirtle meaſured on the Earth 1s near 
367200 Feet, which in our Poles of 165 Feet, is 22 2.54 Poles, 
and about one half, and theſe reduced into Furlongs , "at 40. 
Poles to the Furlong , make 556 Furlongs and 14 Poles * and 
laſtly, theſe reduced into our £»g liſh Miles, of 5 Furlongs to a 
Mile, makes 69 Miles, and 4 Furlongs 14 Potes, that is 694 
Miles and 14 Poles in a Degree. | © 

And hence, according to the moſt approved Hypotheſis of the 
Sphericity of this. Terreſtrial Globe , we'may find'the.Compaſs 
ef it as followeth. But firſt, you may Note that we- ſpeak not 
here of the Compaſs of the Earth inrany Parallel, or leſſer Circle 
deſcribed npon any fide thereof, that being. various accordin 
r0 the different diſtance of thoſe Circles from their Poles) but of 
the Compaſs taken in the middle or greateſt thickneſs of the 
Globe; namely, in any great Circle, ſuch as divide the whole 
Globe irit) two equal parts, of which kind are the EquinoGial 

and all Meridians, &c. this being properly the Perimeter or 
Compaſs of a Spherical Body. En 
Now ſeeing a Degree is the 360 part of the Circumference 
of a Circle (for any Circumference being divided aQually or 
by ſuppolition into 360 equa] parts, thoſe parts are called De- 
grees) if we can find how many Feet, Paces, Miles, or other 
known meaſures are contained-in one of thoſe Degrees, then ſhall 
we ealily conclude how many of the ſame known meaſures are 
contained in the whole Circumference : But by the former Expe- 
rknent we find, that in one deg. of a great Circle on the Spherical 
Swperficies of the Earth there is contained 367200 Feet , there-. 
fore it is evident that 360 times 367200 Feet is the Compaſls of 
the whole , wkerefore multiplying 367200 by 360, the Pro- 
du& is 132 192000 Feet, which reduced into Poles 1s 8011636, 
and theſe reduced into Furlongs, are 200290 Furlongs 36 
Poles : and laſtly, theſe reduced into Miles, are 25036 Exgliſh 


Miles, and ſomewhat more, for the Circuit of the Earth and 
Sea, | 


If 


The Sea-tnahs —_— 
If further we deſire the Diameter and emidiameter of the 


Earth ; Foraſmuch as it is proved by A chimedes, that the 


a- 


very near: the. trath) obſerving all the way 'as'1 came; with 'x 


proportion of the Circumference of a Cirele is to the Diameter 
thereof, almoſt as 22 to 7--: Thereforeby the Rule of Pro- 
portion, as 22t07 : fo is the Circumference'of the Earth; 
to the Diameter thereof : So that multiplying the Circymference 
of the Earth , namely, -1 32 1 92000 Feet by. 7, and Dividing 
the Protut, namely, 92 53 440cs by 22 the Quotient, namely, 
4206191 is the Diameter of the Earth in Feet. the halt whereof, 
pamely,'2 1030545 Feet is the Semidiameterof the ſame,” being. 
21 millions of Feet, and ſomewhat more : theſe reductd into- 
Engliſh Miles, 4s. before we did the Circumference., ſhew the, | 
Diameter of the Earth to be 7966 miles and ſomewhat more, and? 
the Sermidiameter 398 3; And thus we have the Circumference, 
Diameter, and Semidiameter of the Earth, as alſo the Quantiry 
of a Degree of the ſame Circumference in known meaſures of: 
Feer, Furlongs, and-Miles, &c. There are only two things here,” 
which may ſeem doubtfal; namely, the- Experiment it ſelf, and: 
the Hypotheſis of the: :Sphericity of this TerresFria! Globe con- 
ſiſting of the Earth and Sea ; for theſe being admitted , the 
meaſures thence reduced as before, will neceflarily follow. 
Now touching the Experiment; 1confeſs, that to hayemade 
it ſo exaQtly. as were requiſite, and in all Points fo as I-ſhall 
ſhew in the Chapter following , would have required mach 
more time and expence than mine abilicy would reach unto, Yet 
having made Obſervation at York , as atoreſaid, I meaſured (for 
the moſt part) the way from thence ro London, and where F 
meaſured not. | paced; (wherein through Cuſtom I afually come 
Ctreumfe:emor all the principal Angles of Poſition or Windings 
of the way (with convenient allowance for other lefſer Wind. 
ings, Aſcents and Deſcents,) and theſe 1 laid not down by a Pro- 
traor aſter the uſual manner, but. framed a Table much more. 
exact and ht for this purpoſe, - as we ſhall hereafter Ihew.; fot 
Imay affirm the Experiment robe near the truth... © £1 
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the confirmation thereof, may be: theſe. 


8 The Sea-meli 
'Tonching the Hypotheſz:, 
Spherical or round Body, it generally ayreed upon by all the 
principal Philoſophers, Aſtronomers, Geographers, and Navis 
gators,., Ancient and, Modern ,,, ſome-reaſons demenſtrative for 


.. Firſt, . the Eclipſes, - eſpecially of the Moen, which are cauſed 
by the ſhadow of the Body of the Earth , being interpoſed be- 
tween the Sun and the Moon, and foraſmuch as this ſhadow 
doth fall upon the Moon, always and upon every ſide Circular , 
and; ſq appears to .us, 1t is maniteſt by the Opticks, that the Eacth 
from hence it preceeds.1s.a; Spherical Body, 


a» 
wt - >. + . 


o J X 


.Secondly,. Likewilethe.Eciipſes of: the Sun, which are cauſed 
by. the interpolicion of the: Moon between the Sun, and thoſe 
places where it appears Ec:ipſed ; I ſay, it could not be deter- 
mined wken,. and in what place ſuch an Eclipſe ſhould appear, 
and where not, .if the form. of the Earth were not-known , bur 
ſeeing the places where ſuch Eciiples happen, rand where not , 
may be, and areyſually determined, and that,upon this Ground ; 
that the Surface of the Earth. is Spherical, -it is: thence alſo rati- 
tyed tobe a truth. _ WE 
Thirdly, the Sun, Moon, and Stars do riſe and ſet, and are 
uponithe Meridian ſponer to thoſe that are reſident in the Eaſtern 
parts,: than;ro.oxbers more Weſterly, and that in a proportion 
an{yerable tothe xoundnels. of the Farth ,: as the Planers and 
Itars are.upon our Meridian at Londen ſooner by almoſt 4 hours, 
than they.are to thoſe that Inhabirc Suwmwer [ſlands, and the eon- 
fines of. Virginia and New England : And fo in Eaft India, 
and ather Eaſtern, Regions, ; the Sun and Stars are footer upon 
their: Meridian thanupen.qurs; - which i maniteſt to be ſo, as 
by other reaſons,': ſo eſpecially by che; Eclipſes of the Moon : 
for.an-Eclipſe of the Moon hath not in it felf any diverſity of 
time, being at one and the ſame inſtant without reſpe& of places, 
Pig 12 'the Eaſtern parts the Day is begun, and. it may 
e:{3r ſpeny_ before-ic begin: inplaces'fax Welterly:, therefore 
Lach an Eclipſe may. appear 40 the Eaſtern Inhabnants towards 
che end of their Night, which to the Weſtern appears in the be- 


emnng 


- 


IM 


of thoſe places in Longitude, ; Ed ons Ctlagtm 55 

,.- Fourthly ,': Furthermpre-weſee, that going oxHailing tothe 
'Northivazds,, Wehave the Artick Polg and Southern; Stars-more 
ckyated, ani the. Antartick Pole; jand Southern $5ars.jimore, de- 
preſſed;, the Elevatton. Northerly increating equally , with the 
deprethon Svutherly ,; - and either of thera proportional to the 


Diſtances which we go; The like happenethingoingto the Sourk- 
- Watds.. ! Belides the Oblique Aſcentions, Del CON 


SICEN! ceabons, Occulta- 
tions, Emeriavns, aad:Amplicudes.\of Rifing and Setting of the 
Sun and Stars, in every ſeveral Latitude ;,-agreeable to the, Hy- 
potheſss of 'the Earth's Sphericity, All avhich. could nar be- {@, 
if the Earth. were of any other than of a Spherical form, : - 
Fifthly, So if we ſtand upon the Sea-thore,. and fee; a, Ship 
far off under Sail, making towards, the Land,.. ar-firſt weiſee-anly 


_ the Top-Sails or higheſt parts, - and withal 0 maniietly behold 


the Convex:Superficics of .the-Soay a5. were railedandintarpp- 


» 
* F . 


ſing her ſelf berween our ſight and 'the Hull, or lower:parts of. 


the Ship, tl ſhe approacketh nearer, and this uniformly >, every 
ways alike, and proportionably £0 theſcveral Diſtanres 4 which, 


doth evidently:demonſtrate-the-Spherical reyndneſsithereol. -- _ 


Sixthly, And laſtly, (to add no more) the Nayigations of 


thele later times make it apparent, -thoſt chhegially charbaveibeen. 
' made round about the World , as thoſe r2wo: Voyages by our 


famons Country-men Sir Fravcis Drake, ant Mr.-Lhonas Con- 
diſh, both which feverally Satling. fxom-our 'Ceaſts to the #eſt- 
Hdres., and palhag the Streights of: Magellave,, contitiucd their 


Courſe Weſterly, vill they oameints. thole parts, which:art from 
-us-t0 the Baſtwards , :nataety, t@ the £47 -imdzes, ,and-ſo! Saited 
fill Weſterly till they came to Cape bon Eſperance , and thence: 


returned into England: ' Having)Sailed about the whole Terre- 


 firial Globe, they fonnd nothing by their 6Þſeryations or:Reckon- 
/1ngs tiffonantifrom the uniform, Spheripity-vhered| inal] its patts, 
- That they came-ſhort jn the-nuimbex of Days, one,;or reckoned! 
the time of their abſence leſs by ene Day and a Night than, they: 
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which remained at home ; this further confirms the thing in 
had”. 7 7, 8 We on Ns. 
' Yer whilſt we ſpeak here of the Roundneſs of the Earth and 
Sea, we intend it not ſe ſtritly ks if4t wete a thing turned round 
-wichour any inequality in its Superficies : - Butas a Bowl or Ball 
thoughiirhave ſome duſt or ſmall-grains of Sand cleaving thereto, 
may jill be faid'to-be round : So,' though the'Land,. Hills, and 
Mountains be ſomewhat raiſed above'the Spherical Stperficies of 
the Sea; and jf there ſhould be alſo! ſome Valleys or Bottoms 
- more depreſſed), | yet ſeeing the greateſt of. theſe inequalities have 
ſcarce any fenfible [proportion of the whole, we may well affirm 
the whoſe to'bEround.” Vt i, he forrn the, 
© The Relations made of the Prodigious height of ſome Moun- 
tains, as to'be 60 or 70 Miles bigh, if it be underſtood of their 
perpendicular or dire& height,” are fabulous ;; the Mount A4t/as 
"Recorded by ſothe .of-rhe Ancients, to reach, up: almoſt to the 
Moon;afd to be as'it were « Pillar forthe Heavens to wreſt'upon, 
- being meaſured Geometritally- by Eratoſthenes:;;.. the perpendicu- 
Jar or upright height fromthe top:thereot ro the Valleys beneath, 
was found not to exceed 10 Stadinms ,' Which! of our Engliſh 
-meaſures 1s Jittle more than a Mile and a quatter., .a.Srad;uvs not 
muck differing from our Furlong ;- and the like might ibe ſhewed 
-of others, 7 Ulf N mae 
But if- we admit the higtieſt Mountain to riſe perpendicularly 
above the Spherical Superfictes of the Sea 2 Miles; yet ſeeing the 
Diameter or whole thickneſs of the Earth, 1s, as we have before 
ſhewed, 7966 Miles, this exorbitancy or difference of 2 Miles.is 
of ſmall'moment ; yea, if there were any- Mountain: 8 Miles'in 
height upright, yet this compared with the whote thickneſs of the 
- Earth, is little more than one thouſand part thereof; therefore we 
-may conclude, that this Terreftrial Globe, conſiſting of the Earth 
and Sea, is Spherical, Weeome in the next place to ſhew by 
what way of Meaſuring we found the. Parallel of York, to be 
diſtant from the Parallel of 40»dov, 9149 Chains And ſo how 
the Diſtance of the Parallels of two Places may be exa&ly mea- 
tated. | TS, a b- gs FI = 
CHAP. I, 
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CHAP. 111. 


A moſt exad way for finding the quantity of the Dia- 
meter and Circumference of the Earth and Sea, and of 
a Degree on the ſame, 


ment, that ſo I may give occaſion to any who are ſo Nobly 
minded for a Publick good , as to be at thab Charge to make 
a further and more exa& tryal thereof, Now then, the beſt 
and perieeſt way is, to obſerve ſo exatly as may be the Sum- 
mer S$olſtitial Al:itudes of the Sun at two places, ſo far diſtant 
alunder, and lying ſo near North and South each from other, 
with ſo direct and tair a way betwixt them, as conveniently may 
be choſen : Suppoſe for Example, Chriſt-Church and Berwick, 


| Do the more fully ſet down the way of making this Experi- 


or ſome other place in the furtheſt parts of Scotland, for the 


further theſe two places are each from other, the more perfectly 
may this bulineſs be performed. Then meaſure as truly as is 
poſſible, and ſet down in a Book, all the way between thoſe two 
places , with all the Windings, Aſcents and Deſcents that are 
therein, whereby with the help of the enſuing Table, you may 
eaſily and exactly find how much the one place is more Southerly 
than the other. For this purpoſe the Plain Table is not the 
fitteſt Inſtrument, but rather a Theodelte or Perattor, or ſome 
other of that kind, obſerving diligently the Variation of the 
Needle, The Chain may be 6 Poles long, or rather a 100 Feet, 
and the Table fitted accordingly (but the Table following 1s for 
Poles) 1t it ſhould be much longer, it would be too heavy. 

The High-ways are commonly crooked, yet becauſe of ſun- 
dry obſtacles and impediments which are incident out of the way, 
and becauſe a Man cannot certainly at firſt dire& himſelf the 
neareſt and beſt way to the place intended, it would be expedi- 
ent to meaſure the Diſtance as aforeſaid ; Firſt, in the High-ways 
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leading from the one to the other , and then in the neareſt and 
beſt way that could be choſen between them ; and ſo if any no- 


table Errour happen in the one, it may be diſcovered and amend- 
ed in the other, The form! which 1 obſerved in ſetting down the 
meaſures and Angles, was according to this Example. 


DE ———— 
CR 


Deg. | DiStance. | North. South. \ Eaſt. \ weſt. | 


SE: 31 HHH | | 

SE 20 HHHHE | 
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- It is to be underſtood, that the Table here following was 
before Calculated to ſerve inſtead of a Protrattor, for a Cirenm- 
ferentor, or other Graduated Inſtrument, and for a: Chain of 3 
Poles, whick for the moſt part I uſe; yet ir may very well be 
applyed to a Chain of 6 Poles, (as in this buſineſs it was) rec- 
koning every Chain to be two, &c. And thus tor every ten 
Chains of fix-Poles'to a Chain, I make-two Strokes, fignitying 
two Changes or zo Chains; and if there be any odd Chains, 
for thoſe I ſer a_ Figure in another: Eine next beJow ; and if 
moreover any odd Poles, whether one or two, tor theſe: I ſer 
another Figure in a third Line-below. 
' Thus the laſt entrance before-going, being SE og degr. 

-—. lignifes that the Line upon which I went , was 


oy 

e 
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from 
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£ntituled South S& Eaſt. Then 
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from the South part of the Meridian of 5 degr, the 9 Strokes 
ſignifie g Changes, or go Chains ; the Figure 5 ſignifyerh five 
Chains, and the Fignre 2 two Poles. $0 that it 1s to be read 
thus, .South-Eaſterly 5 Degrees, 9 Changes, 5 Chains, and z 
Poles; and the like is to be underſtood of the reft, But for the 


moſt part having liberty of Ground, Iend the meaſure of every 


Line, either with a whole number of Changes , or at leaft of 
Chains, | 

And thus proceeding all Day, towards the Evening, or when 
elſe I have a time conventent, I reduce all theſe Diſtances, upon 
what Lines or Angles ſoever they be, to Diſtances of North or 
South, Eaſt or Welt, as here appears. | 


5 5 Lc 


| Deg. | Diſtance. | North, | South, Eaſt. | Weſt. 1 
I LEEDS 
? 12 xo tg 2819] 1026 
SE 20| HHHRE 1692] 616 
He ney 062 
58 13a 2 © 
NG THT: 1754 404 RO 
SE 13|{m— _ 1699 [-----098; 
| 5.0 2690] 235 | 
$Ww 02 LLLK o149] ol; 
SE 051 || | 0026 002 
| oni_—_ a Es 2. ————p—— ee En "hg err nn 
Chains 571 1.16206) 4578 O52; 
| Potes. 'F©.0715}1--:.. 1 164901: 4539} = 
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We will explain the laſt, and ſo the reſt may ealily be under- 
ſtood : SE 5 dep \l [||| | -5.2. Here becauſe I have S. E.the 
the Table muſt be put into the Commans: 

in the Table under 5 deg. 1:00x 
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numbers taken out 0 
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for 9 Changes, and find againft it 2690, and in the adjacent Co- 
-lumn under the Complement thereof 235 ; and becauſe SE 5 
degr.is leſs than 4.5 degy- thats, nearerto the South than to the 


Eaſt. 1 pur in the Column entituled South 2690, and in that 
entituled Eaſt 2 35 ; then again In'the ſame Tabular Column uncer 
5 degr, 1 find againft 5 Chains,. (cutting off a Figure ; becauſe 
5 Chains is but the tenth part of 5 Changes) 149 to be put in the 
South Column, and 13; for the Eaft Column. 

Laſtly, againſt 2 Poles I find for the South Column 20, and 
for the Eaſt 2 ; and the like 1s to be underſtood of all the reſt, 

Now ſuppoling this laſt to be a Place , whoſe Diſtance and 
Scituation from the firſt 15 required ; I ſum np the Columns ſeve- 
rally, and of the North and South Columns Subftra& the lefler 
from.the greater, and ſo of the Eaft and Weſt Columns; and ſo 
itwil] appear how much North or South, and how much Eaſt or 
Welt the laft place is from the firſt. 

As inthis Example, we find the laſt place to be to the South-. 
wards of the firſt 1628 Poles, for the laſt Figure may be cut off, 
being uſed inthe Table, only for the more exacneſs, or may be 
made a FraQtion, and ſo it is-162 85% Poles; Likewiſe, the laſt 
place is to the Eaſtwards of the firlt 4527% Poles; and thus I 
proceed all the way. 

Now touching the Angles of Aſcent and Deſcent of Hills and 
Valleys, to have obſerved them exa&tly, would have required 
more Time and Charge than I could my ſelf beſtow ; yet 1 made: 
allowance for ſach of them as were of moſt moment , He that 
would obſerve them all, may either, make 2 or 3 Columns more, 
or Keep an account of them apart by themſelves. Bur if he in- 
tend no further uſe of them, but to find the neareſt Diſtance , 


- he need not ſet them down, but make allowance for them on the 


Ground, . keeping his Diſtance intire without FraQtions. 

As, admit I obſerve the Aſcent from a Valley to the brow of 
2 Hill to be 1 4 degr. above the Level or Horizontal Line, and 
that meaſuring, I find the Diſtance to be 3© Poles ; I turn to the 
Table, and under 1 4 depr. and againſt 10 Chains, I find 2911, 
and 726, ſhewing that the Leyel or Horizontal Diſtance from 


my 


| The Sea-mans Pradice, Is 
my Station, to that Brow, is only 29 $33 Poles, and that the 
height of rhar Brow above the Level Line, is 7 ;*& Poles: But 
finding thus that the Hypothenuſal being 30, the Baſe or Level 
Line it but 25 542, that is leſs by £25, becauſe I wonld avoid 
this Fration, I add to the end of the foreſaid meaſure of 3o 
Poles upon a Level Line, £3 of a Pole, and then I may account 
my ſelf diſtant from the place in the Valley where I made Ob- 
ſervation, 30 Poles in a Level Horizontal Line, and fo fet down 


the Diſtance without a FraRtion :; rhe like 1s to be underſtood of 
all other Aſcents and Deſcents. 
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The Structure of this Table is from this Ground : 

As Radizs 1s in Proportion to the Diſtance of two places 
meaſured in their Rumb : So is the Sine of the Complement of 
that Rumb, to the Difference in Latitude of theſe two places. 

And ſo 1s the Sine of that Rumb, to the Diſtance of the Me- 
ridians of thoſe two places. As, admit I meaſure South-Eaſterly 
20 deg. 300 Poles, here then the Rumb upon which I mea- 
ſure, making with the Meridian an Angle of 2 deg. I fay. 

As Radins is in Proportion 


to the Diſtance meaſured 300 Poles , 2.47712 
So 1s Sine Complement the Rumb, SE 2o deg. 9.97299 
to the Difference of Latitude 28122 fere. 2.45011 


 Whereby it appears, ' that the Diſtance of the Parallels of 
theſe two places is 2 $173Z Poles ; or that the place whereto [ 
meaſure , 1s more Southerly than the place irom which 1 mea- 
ſured , by 281735 Poles. Now for the Diſtance of their Me- 
ridians, fay, 


As Radius is in Proportion 
to the Diſtance meaſured 3oo Poles ; 2.47712 
So.is the Sine of the Rumb SE 20 degr. 9.5 3405 


to their Diſtance in Longitude 1 025525 2.05117 


(Thi Poker. | And-thus I find the place whereto I meaſured 
—|——| is more Eaſterly than the place from which 1 mea- 
28-19] (ured by 102 £; Poles, and ſomewhat more. 
5643] And in like ſort may be found all rhe other num- 
$4-57 bers expreſſed in this Table; But having thus found 
£1370 for every degr. to 45 degr, two numbers, the reſt 
I42-95| may bededuced from them , as in this Exawple : 
169.14] 300 Poles at three Poles to the Chain, is an 100 
£97-33] Chains or x o Changes, finding that in 10 Changes 
upon this degr. the difference Southerly is 2 1 75 
is Poles, it muſt for  Chauges, whick 1s juſt halt 
2 $1492] ſo much , be almoſt 141, and for one Change, 

which 
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which is a tenth part 28 + fere, and ſo for two Changes twice - 
ſo much, that is 56 #5 for three Changes thrice ſo much , that 
is, the ſum of the two former, namely, 84S, and ſo by 
Addition only you may find the reſt, as in this Table , which [ 
ſhall need to proſecute no further. And thus you may take it 
to the hundredrh or thouſand parts of a Pole ; But this for ordi- 
nary occaſions, for which it was at firſt intended, may ſuffice. 

And according to this Example, it will be eale to frame the 
like Table fo a Chain of any other lize, or for any other Mea- 
ſure which you ule. | 

It may be objefted, That howſocever this Rule holds trne in 
plain Triangles ,\ yet the Triangles here uſed are neither Plain 
nor Spherical ; for a Plain Triangle is made of three right Lines, 
and a Spherical of three Arches of great Circles, But in this 
the three ſides are of three ſeveral kinds ; namely, one fide is an 
Arch of the Meridian , and fo of a great Circle; another an 
Arch of a Parallel, and fo of a leſſer Circle, the third fide or 
Hypothenuſal being the Rumb, 1s no Arch of a Circle, but a 
Segment of an Heliſpherical Line, 

But I anſwer, That notwithſtanding this may be ſpeculative- 
ly conceived , and ſo demonſtrated to be no Plain Triangle ; 
yet inſo ſmall Diſtances as theſe which here we uſe, there can - 
be no ſenſible nor ſcarce any numerable difference. » Yea, the 
Diſtance between two Parallels by the Rumb and Diſtance given 
(being the thing here chiefly aimed at) is very exactly found by 
this Rule, as before we have ſhewed, and as is more fully de- 
monſtrated by Mr. right , in the 12th. Chapter of his Book , 
Of the Correttion of Errours in Navigation : Whence we may 
conclude, that the parts of the Merteian colle&ed by this Table 
according to the Rumbs and Diſtances, as we have before ſhewed, 
do give the true meaſure of the Segment of that Meridian in- 
tercepted, between the Parallels of rhe two places propoſed. 
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CHAP. IV, 


y 
48) 
? 


Cf the difference of Longitude, Poſition, and DiStance 
of York and London : And how the Maps of Eng- 
land way by this Experiment bz reformed, eſpecially 
in the Latitude of Places. | 


'E come next to ſpeak of the Eaſterly and Weſterly 

Diſtances gathered, as before is thewed by thele 

Tables, and to find thereby the Difference of Lon- 

gitude; and of this we will give an Example in the 
toreſaid Experiment; whereby we find that the Diſtance in Lon- 
gitude, or the Eaſt and Welt Diſtance between York and Loudon 
i5snear 14000 Poles, London being ſo much more Eaſterly than 
York, And before we have found that in a degr. of the Meri- 
dun, and conſequently in a degr. of the EquinoCtial , there 1s 
near 370975 Chains, at 6 Poles to the Chain, and this 1 4000 
Poles converted into ſach Chains, is 2323 +. 

Which 2 333 4 Chains (for finding the difference of Longji- 
rude) are not to be reckoned in the Parallel of York,, that being 
too much Northerly : neither in the Parallel of Loxdo», being 
roo much Southerly , but in a middle Parallel between both ; 
namely, about the Latitude of 52 degr 45 nin. Now to find 
what difference of Longitude is anſwerable to this 2 33 3* Chains 
in the Parallel of 52 degr. 45 min. ſay, 

As Radina 1s in Proportion 
to Sine Complement the Larit. ſc. 52 deg. 45 min. 9.78197 
S0 is the meaſure of a deg. in the EquinoRial 3709554 3.56927 
to the meaſure of a deg, in that Parallel 2245 55 3+35124 


And 
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And thus we find that in the Purallel , whoſe Latitude is 5 2 
degr. 45 min. there are 2245 75 Chains anſwering toa degr, 
whereby it appears that the difference of Longitude between 7ork 
and Londov, 1s more than one d-gr. and to tind how much more, 
ſay again by the Rule of Proportion 

As the meaſure of a degr. 2245 75 C0. ar. 6.64876 
is i0 a degr.1n Seconds, 3600 3.55630 
So is the meaſure given, 2333F 3.36797 
to the number of Seconds, 3741 3.57303 

Which reduced, is 1 degr. 2 #12, 21 ſeconds ; and thus we 
find that Loxdon doth differ in Longitude from York. 1 degr, 2 
219.21 ſeconds, being ſo much more Eaſterly. Ys 

Thus having the diffcrence of Latitude, as alſo the difference 


' of Lozgitude between theſe two places, we may (according to 


the Second Problem of Sailing by AZercators Chart) find the 
Rumb from Lodo» to York to be 14 degr. 20 mix. from the 
North to the Weftwards , that is, North and by Weſt 3 degr. 
5 min, Weſterly, and the diſtance in that Rumb 94.42 Chains, 
Eur their diſtance in the High-way, by reaſon of the crookedneſs 
and. un-evenneſs of 1t, was more by about an eighth part: 

And the like might be done for other intermediate Places be- 
rween theſe , but affteRting brevity, we paſs that over, as not 
much pertinent to our preſent purpoſe, only expreſling the Lati- 
tudes of {ome of the principal of them, as tolloweth. 


Latitudes, 
As the Latitude of York, we find tobe 53 adeg. 58 min. 
Dozxcaſter 53 deg, 32 mn, 
Newark upon T rent 53 deg. 5 min. 
Grauthan F2 deg, 54 Mn. 
Stamford 52 deg, 38 min. 
Huntington F2 deg. I 9 mn, 
Royflon F2 dep. 3 ©” 
Fare . 51 deg, 48 min 
Loudon 51 deg, 3o min 
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We further noted in this Experiment , that howſoever the 
number of Miles between Fare and London are almoſt the ſame 


by Eſtimation that they are by Meaſure; yet all the way belides 


from York, to Ware , a meaſured Mile conliſting of 320 Poles, 
is but three quarters of a Mile, as the Miles lie by Eſtimation 


. or common account ; ſo that every where (for the moſt part) 


three Miles by eſtimation make 4 meaſured Miles : and a mn. 
or the 6oth part of a deg. is almoſt inthe middle between them 
both : $o that look how much a meaſured Mile is lels than a 
min, 10 much, or ſomewhat more is a Mile by Eſtimation grea- 
ter than a min, for as there is contained in a depr. of meaſured 
Miles 693 and ſomewhat more, as we have before ſhewed , ſo 
of our common eſtimated Miles, there are contained about C1 ry 
ina degr, ; OA 
Upon theſe Grounds the whole Maps of this Kingdom might 

be much re&ityed , eſpecially in the Latitude of Places 3 for 
though we cannot hence deter mine certainly the Latitudes of any 
other places belides thoſe which were in the way , or at leaſt in 
ſight as we came up (the Principal of which we have before 
noted.) Yet we may nearly conjeRure the Latitudes of moſt 
parts of England, by their Diſtances and Politions irom theſe, 
bur theſe things being belides our ſcope and purpoſe in this place, 
we thall only compare the Latitude of ſome principal Places, 
probably gathered irom this Experiment, with the Latitudes of 
the ſarhe places, as they are ſer down by Mr. Speed 1n his Geo- 
graphical Deſcriptions of E gland : that ſuch as pleafe ro exa- 


mine both in any atticular k 3 
more ſafely lean. P ars , may know to which they may 
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The Latitudes of theſe places in the firſt Column expreſſed, 
are ſuch as are probably gathered from this Experiment - But in 
the ſecond Column there is ſet down the, Latitndes of the ſame 
places, as they are expreſſed by Mir. John Speed in his Map of 
England, fer torth in his Book, Entituled, The 7 heatre of the 
Empire oj Gr-at Britain ; and leſt there ſhould be any niſtake 
in his Map, 1 have conferred theſe Latitudes thence gathered , 
with the Latitudes of the ſame Places, ſet down by him in words 
at large, in his Deſcriptions of each ſevera] County , and tind 
them nearly to agree, except in the Latitude of Zarwick , which 
in his Map he makes to be 57 depr. 3 mm. But in his Riſtorical 
Deſcriptions of Northunierland , he relates ir to be 55 depr, 
48 min, which laſt is much nearer the truth, but ſeems not ro 
be his meaning, becauſe then he ſhould make 1t more Southerly 
than Newcaſtle, yea, more Southerly than he doth Carli/e, which 
by his Map, and alſo by his words in his relation of Cumberland, 
is in the Latitude of 5 5 degr. 56 z3in. Whereas Barwick is above 
5 © Miles more Northerly.. 

By theſe you may nearly conjeAure the Latitudes of other 
parts of England, Iying in or near the ſame Parallel with any of 
them : And hence alſo it appears, that the difference of Latitude 


between Barwick,, and the South Coaſt of Eygland near Chriſt 


Church , is|ittle more than 5 degr. not 6 degr. and more, as 
ſore of our Maps make it. But theſe things we muſt leave, 


' that we may proceed to that which 1s principally intended, only 


we will firſt touch a little upon the Uſe of the fore-going Table, 
in Plotting and Surveying of Land, 


wed pln 3 (> v% _ FTI Mu W 


(n_ 


> VO. 


Mw 


The Sea-mans Pradice. : 27 


$h47$640650400$40400446+4404 $364${4 24 


To Delineate the Plot of any Forreſt , Park, Common, 


or other pieces ef Ground : ' 4s aljo of Fivers, Har« 


bours, &c, ſpeedily and mot exadlj. 


">. L 

Y intent is not here to proſecute at large the Plotting 
of Grounds, being a thing handled byTfhers, treating 
of Surveying : But confidering tqaart the ways by 
them dire&ed, and by others practiſed, in delineating 

or laying down the Diſtances and Angles obſerved by the Cir- 
cumferentor, Theodolite, Peraftor , or other graduated Inſtru- 
ment, is by a Pretrattor, and that the Table before going, or 
that which followeth towards the end of this, Treatiſe, ſerverh 
for that and the like purpoſes, almoſt as ſpeedify, and tar more 
exactly ; I ſhall crave leave todigreſ a little td thew this Uſe of 
it as briefly as I may. Therefore paſſing overthe method to be © 
uſed in ſetting down the Names of the Groungy, the Tenants, 
Borderers, and ether remarkable things, and leaving every man 
in theſe to the ways whereunto he is accuſtomed. You may 
(as ſometimes Ido) make a Book in a long Oftavo, and upon 
the left {ide thereof ſer down ſuch things , as theſe before men - 
tioned, reſerving every right (ide, and dividing them; by Ruled _ 
Lines into 6 Columns, as hereafter following appeareth RT rea 
And having taken and ſet down your Notes 111 the Field; on: 

the left (ſides or Pages of your Book , you may in the Evening. 
or next morning before you go out, or when elſe your occalipts' 
will permit, ſet down in the firſt Columns on the right {1de, how 
many degr, the Lines upon which you have Traverled, are di- 
ſtant from the North or Sonth part of the Meridian towards the 
Eaſt or Weſt; and in-the ſecond Columns the quantity of the 
ſame Lines, in Changes, Chains, and ſingle Poles, and parts 


% 


of Poles. 
E | As 
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As in this Figure; ſuppoſe the Line from A to Þ to be di- 
rely Eaſt 7 Changes, that is, 7 times 3o Poles, or'210 Poles, 
from B to C to the Eaſtwards of the South 3 5 degr. 8 Changes, 
and x Chain, from C to. D, to the Weſtwards of the South 33 
degr. 5 Changes, and 4 Chains, from D to E tothe Weſtwards- 


LE, 


of the South 80 degr. 10 Changes, from E to F, to the Eaſt- 
Wards of the. North, 35 a 6 Changes , 3 Chains. and two 
thirds of a Pole. And laſtly, from F ro 4, the place where I 
firſt began, to the Weſtwards of the North 9 degr. 5 Changes 

3 Chains, 2 4 Poles : All theſe I expreſs-in the firſt and ſecond 
Colurnns on the right (ide, as hereafter following appeareth. 

. Which done, 1 take the Table, and find there the Northing 
and Southing, Eafting.or Weſting anſwerable to theſt'degr, and 
Diſtances, and ſet them down accord ingly. As for the firſt be- 
ing Faſt 7 Changes, 1fet down in the Eaft Column 2 10 Poles 

| with-. 


ze di- 


Poles, 


nges, 
th 33 


wards. 
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with a Cypher. behind it, . For the ſecond being SE, 35 degr. 


'] find in the Table for'5 Chains 1228, to be ſer in the South Co- 


lumn , and $60 for the Eaſt Column, alf o upon the ſame degr. 
for 1 Chain 25 for the South Column , and 17 for the Eaſt 


' Column; and fo I proceed with all the reſt, until I have finiſhed. 


| Deg. A Diſtance. | North, South, | E aſt. W:(t. | 
- 2100 
1223 [0869 - 
_ Jjoo25 [joOI7 
1272 | 
C102 0795 
OFzI 10064 | 
babes | 
[1474 | 1032 | | 
PETR ©0522 | 
0005 |, 0004 1 
1481 0234 | 
0089 | 0014 | 
©0025 0004” 
_ BE (13148 (3148 4065 [4065 | 


'And being thus returned to my firſt Station, I ſum up feve- 
rally theſe 4 Columns of North, South, Eaſt and Welt; ; and 
finding that the ſum of the North Column ts equal to that of the 
South, and the ſum of the Eaſt is equal to thar of the Weſt, I 
conclude the whole Work to be truly performed, whereas if 
there had been any difference, it had ſhewed an Erronr; andif 
that difference had been great , it had been neceſlary to examine 
the Work again, and fo correct it, Gn DP ey S4Utk” 
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As in this Figure; ſuppoſe the Line from Ao Þ to be di- 


realy Eaſt 7 Changes, that is, 7 times 3© Poles, or: 210 Poles, - 


from B to C to the Eaſtwards of the Sonth 3 5 degr. 8 Changes, 


and x Chain, from C to. D, to the Weſtwards of the South 33 


degr. 5 Changes, and 4 Chains, from D to E to the Weſtwards. 
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of the South Bodegr, 10 Changes, from:E to F, to the Eaft- 

th, 35 os 6 Changes 53 Chains, and twa. 
LAS OF A.1'OIE. ly, from Fro'A, the place where I 
 firſtbegan, . to the Weſtwards of the North 9 degr. 5 Changes,” 


Wards of the, Nor 
thirds of a.Pole: -, And 1a 


3 Chains, 2 + Poles : .All.theſe I expreſs-in the firſt and ſecond 


Columns on the right ſide, as hereafter following appeareth. 


and Southing, Eaſting,or Weſting anſwerable to hea and. 
ON firſt be- 
ing Eaſt 7 Changes, .I ſet down in the Eaft Column 2 10 Poles 

: | | fines with-. 


. Diſtanges,. and ſet them down accordingly, -As for the 


3 


. 'Which done, - I take the Table,''and find there the Northing 
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with a Cypher behind it, - For the ſecofid being S'E; 35 degr. 


for, i-Chain: 25 forthe South! Column , -and T7 for the Eaſt 
' Column; ando I proceed with all the reſt; until I have finiſhed. 


Fr "Div"? Diſtance. | North. South, | E aſt. | Weſt. | 
Fj oe A EROSIEN 
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© rally theſe 4 Columns of North, Sourh, Eaſt and Welt; :and 
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'And being thus returned to my firſt Station, Ifumpp {ever 


finding that the ſum of the North-Column is, equal to that:of the 
South, and the ſum of the Eaſt is equal to thar of the Welt, 1 
conclude the whole Work to be truly performed,” whereas if 
there.had been any difference, it had ſhewed an-Erronr; :andif 
that difference had been great, it had been neceflaryito exainine 
the Work again, and fo corre it, {2 bs tf 
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It is aſual to add repether all the Angles, and alſo to multi- 
ply two right Angles, or 180 degr, by the number of Angles. 
lacking two ; and if the Sum of the Angles added together, be 
equal to the Produdt, the Work is thought to be true : as here, 
it we add the Inclinations and Redlinations of theſe Lines in this 
Figure, the Sum s 720 degr, or $8 right Angles, and if we mul- 
tiply two right Angles by 4, (becauſe here axe 6 Angles) the 
Produdt is alſo. 8 Right Angles. But the other by the Sums of 
the Columns, is @ moſt ablojute way for evamining the truth of 
your Work, and to be preferred before any other that I know. 

It may ſeem very laborious to ſet dgwn every Station in this 
manner , but one that is a little exerciſed in it may, as 1 take it 
(for 1 never obſerved the time exactly) ſet down 40 or 50 Sta- 
tions in this manner, within the ſpace of an Hour, or thercaboutrs :. 
But I ſhould adviſe that it be done by two Men., having each a 
Table for that purpoſe to avoid all miſtakes. 

If your Inſtrument givenot the Angle with the Meridian ex- 
reſsly, yet it may ealily be gathered thence, or elfe you may 
Divide a Circle as your Inſtrument 1s Divided , and number the 
degr. as they are there numbred; which done, number them alſo. 
from the N. and. part of the Meridian towards the E..and W, 
{ ſhall you calily know the Angle of any deg. with the Merid, 
Now to proceed, theſe meaſures may be ſet down in a Plot 
feveral ways. As brR, conſidering which way the Ground lies, 
[rake a Point for my firſt Station,, ſo.as the whole may faii con- 
veniently within the Plot, whieh-let be the Point 4, by which 
Point I draw a Merigtan & Parallel, namely two right Lines in- 
terſeQing one another at right Angles : whereof let NV $ he the 
Meridian running North and South, and E # the Parallel run- 
ning Eaft and Welt ; this done, I look to the North and South 
Columns, and there firft in the South Column, and againſt the 
third Station, I find 1253, thatis, 1255% Poles, this I ſet in 
the Meridian from A to the Southwards , and mark the Point 
with the Figure 3; then in the South Column againſt the fourth 
Station, I find 1 374, which I ſet in the Meridian from 3 to 4 : 
alfo againſt the firſt Station I. find 5 21,, which I ſet inthe Meri- 


dian: 
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dian from 4 tO 5» Then againſt the Sixth Station, I find in the 
North Column 15 53, which I ſet irthe Meridian from 5 to 6 : 
alſo againſt the Seventh Station, which is the ſame with the Firſt, 
1 find 1595, Which | ſet in the meridian from 6, andit falls 
upon A, which is the firſt Station : and thus I have done with 
the South and North Columns, 


In like ſort I expreſs the meaſures in the Eaſt and Weſt Co» 
lumns in the Parallel £ /. As finding firſt in the Eaſt Column 
2100, Iſet it down from-4 to the Eaſtwards, and it extends to 
B, where I ſer 2, ſignifying my ſecond Station; 1 find next in the 
Eaft Column 877, which I ſet in that Parallel from 2 to 3, next 
n the Weſt Column 859, which I ſet in that Parallel from 3 to 
4 : and fo] proceed with the reſt. And having thus ſet down 
the meaſures in the Meridian and Parallel, we have alſo as it falls 
out in. this Example two Stations expreſs'd , namely A and B, 
NOW. 


22 The Sel-mans PraGice. 
now for the third ,' I take in the Parallel with my Compaſſes the 
diſtance A 3, and ſetting one Foot in the Meridian at 2, I ſtrike 
an Arch near C, alſo taking in the Meridian the Diſtance A 3, 
and fixing one Foot in the Parallel at 3, I croſs the forciaid Arch 
near C, the interſe&ion' of theſe two. Arches is the-Point C, re- 
preſenting the third Station. _ + RT IITELT (ff 1 5% 

In like ſort, I proceed to find the Points DE F for the fourth, 
faith, and ſixth Stations ; then drawing Lines, namely from the 
firſt Station A to the ſecond F, and from the ſecond to the third C, 

&'c, We ball deſcribe the Figure required 4 F&DEF. 

Otherwiſe, whereas here yon AA.and Su the ſeveral. 
Diſtances of South and North, as alſo of Eaſt anEWeſt by your 
Compaſſes , yorrtnay-with a little more pains Add and Sub- 
ſtra&t them by the Pen, which is the better way. 

As having ſet down in the Meridian rhe Southerly diſtance of 
the third Station x25 2, 1 add thereto 1 374, Which 1s againft 
the fourth Station, the ſum is -527; the Southerly diftance of 
the fourth Station, which I {et in the Meridian from 4 to 4. 
Again, to this I afd 521, ſo have I 3148, the Sontherly diſtance 
of the fiith Station A 5, from which Subſtrafting 1553, the 
Northerly diſtance ſet againſt the fixth Station ; there remains 
I5'95z Which is the Southerly diſtance of the fixth Station, to 
be ſet in the Meridian from A to 6,, Laſtly, from this, abating 
the Northerly diſtanice oi the firſt Station from the ſixth, which 
I find there alfo to be 15 95, there remains o. Shewing that I 
am returned to the ſame Parallel, or Eaſt and Weſt Line, in 
which at firſt I began. And in like ſort, you may proceed with 
the Eaft and Weſt Columns, and then by the Interſeion'of rwo 
Arches; find every Station as before. EAT Vs ves 
-* - Other ways might be preſcribed, which will: not be hard. to 


hind of your {:If, . And as we may thus lay down any irregular 
rtzht-lined Figure far more exa&tly than by the Protratter : So 
when itis lajd. down after this manner, we may caſt up the Area 
or ſyperbici4} -quantity of it very exquilitely : Yea, it there 
40uld bea'Plort drawn (according to the Angles and Diſtances 
Hcre given ) after theulual manner by a Scale fo large, that the 
| | | Plot 
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Plot ſhould bean hundred times ſo great as this ; Yet could not 
the Content thereof be caſt up ſo exadily and certainly as it may 
be here. - . ---* THe 4 
But I muſt not inſiſt upon theſe things, they. may of themſelves 
be conceived, and-my intent 1s only rg touch them,.that be not 
prevented of- time, and by other occalions from handling thoſe 
things which I have here more ſpecially intended. .' 
 Butas Thave ſaid, this courſe is chiefly to be uſed in-Plotting 
large Grounds, and there indeed are graduared” Inſtruments, 
eſpecially to be uſed : for other ſmaller Grounds, . there. is' nons 
more fit then the plain T able... 23-7901 


CHEAP.VI.. | 
Of the Compaſs of the Earth, and the quantity of a 


Degree, according to the moſt approved Experiments 
Ancient and Modern. 7 


Lthough tne Compaſs of the Earth hath been. in- ſome 
fort obſerved by divers of the Ancients ': Yet for ſome 
of them we cannot certainly gather what meaſures they. 
uſed , others uſed no meaſureart all,- but aſſumed the, 
Diftance of. places to be ſuch as it was eſtimated by Trayatlers, 
to be, and likewiſe the Latitude., therefore it will. be needleſs 
to inſiſt upon the examination of their Obſervations ; others ot. 
them which were taken by meaſure , and which we may upon. 
any good Ground reduce -to our meaſures, . are theſe which 
follow. Fo 4P OL 
- .tillebrordus Syellizy in his Book Entituled Eratoſthenes Ba-' 
ravus, Cites Abel Fedas, a moſt diligent Arab:zau Geographer, 
that lived about the year of Chriſt z322, who records , thor: 
about 


/ 


34 The Sea.mans Praice. 


about the year of Chriſt 827, certain Men skilfulin the Marhe: 
waticks , did by the commandment of their Prince «A {mayor , 
meaſure in the Fields of Meſopotama (as he gathers) nnder one 
and the ſame Meridian, from the North towards the South, the 
quantity of a degr. and'found it to be 56 Miles, or ſomewhat 
more, The quantity of their Mile, according to Alphraganm, 
was 4000 Cubits, or 6c 60 Feet, whence the quantity of a deg. 
ſhould be 3 36000 Feet; but of the length of their Feet we are 
ſomething uncertain; only they define it to be ſo long as the 
extent of 96 Barley Corns laid lide by ſide ; whereas the Khyrn- 
land-foot , according to tryal by him made , is but the extent 
of 9o Corns laid in like manner, fo that if there be no incqua- 
"-lity in the Grains, then go Arabian Feet are equal to 99 Rhyn- 
land-feet. But 96 Rhynland-feet are found to be about 915 
Engliſh Feet; therefore alſo, by the Rule of Proportion, z 36008 
Ar abran Feet do make of our Engliſh Feet 370222. So that 
according to this experiment of the Arabiavs, a degr. ſhould 
contain 3702 2.2 of our Engliſh Feet, And before we have found 
by the Obſervations taken at London Ge Terk... and by the diftance 
of their Parallels meaſured, that a degr. contains of our Engliſh 
Feet 367200. The difference is only 3 02 2 Feet, that is, about 
the 755 part of a degr. or half a m12, 
He cites ne xt Alhazen the Arabian, who in his Book de Cre- 
puſcalfs, declares the Compals of the Earth to be 2 4000000 
Paces ſo that proportionally there muſt be in one degr.666 66+ 
Paces, that is 333333 Ar«biay Feet, And ſeeing that go Ara- 
 bian Feet make of our Engliſh Feet 99%, therefore by the Rule 
of Proportion 233323 Arabian Feet, make of our Engliſh 
Feet 367283 : So that according to A/hazen, there ſhould be in 
a degr. 367283 of our Engliſh Feet, differing from the Experi- 
ment Which I made only >; Feet ina der. 

[ have not {trained theſe numbers to bring them to this near- 
neſs, they are the ſame in effe& which are ſet down by Sncft1z4s 
in his Erato/thenes Batavm, who with great Induſtry and Judge- 
ment hath compared the meaſures of the Ancients, and the 
meaſures uſed by ſeveral Nations in theſe times, with the 
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Rhyuland-foot, Much leſs have I trained my own numbers to 
draw them up to. theſe ; But on the contrary , I confeſs upon 
the ſight of his Book , obſerving the-great pains and induſtry 
which he profefſeth kimſe]f to have beſtowed, and which 1 
doubt not but he did impley in making his Experiment, and 
how he had found the meaſure of a degy. to be much lefs than 
mine, as we ſhall after ſhew , 1 began to doubt that I had ner 
made ſufficient allowance for the un-evennelſs of the ways, and 
for ſome ſmall bendings, ſometimes to the right hand, ſometimes 
to the left, the Obſervation whereof I wittingly neglected, to 
ſpare time and Expence, For Idid often obſerve a Mile or two 
before nje, ſome Mark in the High-way noting the deg. and: mea- 
ſuring to it in the way , negle&ting to obſerve the intermediate 
ſwerving of the way, ſometimes three or four degr. towards 
the right hand, ſometimes as mnch to the left ; but making ſuch 
allowance for that, and for the un«evennels as-I judged ſufhici- 
ent. And ſome Men may think, chat the exa&t Obſervation of 
theſe lefler things thus negleRed, and regulated only by judge- 
ment or conjeQure, might deceive me much : But they may con- 
ſider, that if there be two places a Mile diſtant, that is, in a right 
Line 3 20 Poles, if you meaſure from one of theſe places towards 
the other , not in that right Line, but always ſwerving from it 
by an Angle of four degr. ſometimes to the right hand, ſome- 
rimes to the left, ti} you come to that other place; Iſay, that 
notwithſtanding all theſe ſwervings (if there be nothing elſe ro 
augment the meaſure) it will not amount to.32 1. Nowconfader- 
ing that I had all the way , as occaſion required', made ſuch al- 
lowance as ſeemed convenient, and. ſo found 367200 Feet ma 
degr. before I compared it with the meaſures taken by another: 
I reſolved not to diminiſh nor to augment the numberthus ariſing: 
by my Obſervations, Meaſures, and Allowances, .in reſpe& of 
the Opinions, Obſervations, or Meaſures of any other Man, 
until there be made ſome Experiment more evident.and exact than 
any yet extant. And I am ſomething the more confirmed by the 
near agreement of theſe two teſtimonies before recited, both ex- 
ceeding me a little in the meaſure of a de-7, But we: cannot conhi- 
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dently reſt upon them, becauſe of that inequality which may be 
of Corns or Grains , for theirs may haply be ſomething greater 
or leſſer than ours. X = 
: " Both theſe meaſures of a degr. do much exceed the quantity 
of a degr. found by Snellize, ; when he compares them with 
his own another way, namely, placing the Barley-Corns ſo that 
they may not lie flat, bur be ſet up edge-wiſe, and ſo by 96 
Corns to make a Foot, and by ſuch Feet to meaſure a degree , 
then he finds that the quantity of a Degree, according to the 
eArabians, is miich leſs than by his Experiment it ſhould be : 
bur if ſome be laid flat, and others ſet up edge-wiſe, 'the eAra- 
biau meaſure of a. degr. will agree with his. And fo be pro- 
poſeth this doubt, whether the 96 Grains, whereof the Arabian 
* Foot doth conſiſt; muſt lie flat or be ſer up edge-wiſe , or ſome 
of them to lie flat, and others to be ſer up edge-wiſe. But it is 
moſt probable rhat they muſt lie flat, that-being the peſition 
which they are apr'unto'by nature , they cannot be ſet edge-wiſe 
without mich trouble,” eſpecially ſo many rogether.as make the 
length of a Foot, and ſo the Arabian meaſure of a degr, doth 
nearly agree to this of mine, OY 
.- Wecome nextts hear the determination of Prolomy of Alex- 
audria, whoſe authority: and'credit-in the ſolution of this queſti- 
on, 15 not infertour toany' of the Ancients. He afhirms the Com- 
paſs of the Earth to be 1 80000 Stadiums, andthe quantity of a 
degree 500 Stadiums ; theſame (as Strabo faith in his ſecond 
Book of Geography) was before affirmed by Poſidon1zs, Alſo 
Marinws Tyrizs (before Ptolomy) had.determiined the quantity 
of a degr. to be 500 Stadiums.” Prolomy confirms it, not limply 
from their: relations, but'as it ſeems-from his own experience, 
and that by ſome meaſures diligently taken, for'in the 11 Chap. 
of the firſt Book of his Geography, he hath theſe words , Sed 17 
hoc quoque retle ſentit, partes unam qualiam eft oircalnt maxi- 
mw tricentorum ſexagintd;' quinpenta interra conftitnere Stadia, 
1d enm.confeſſtsdtinaenſiombas conſonum exiftit, Alſo lib, 7: cap. 
5, Ira ut pars na, ſen. 'gradus 1145 quingenta contineat Stadia, 
quemadmodum cx- diltgentibus deprehenuſum «ft dimenfrontbus, 
* Nov. 
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Now a Stadinm not only aniong the Greeks, but as appears by 
Herodotus amongſt :all other Nations-of Aſia and in Z£pypr , 
did conliſt of 600 Foot : therefore a Degree -according'to'Pro- 
Iowy, tnuſt;contain' 3 06000 Feet. But the e A gyptian'or Alex- 
andriau-Foot'Was much' preater than out Foot:; tor as we have 


before ſaid, the ancient Roman Foot is greater than” buts, 
and the e/Zgyptian-Foot was much greater thar- the Roman: | 
For it is often teſtityed by Hero Merchanicns, that'5'Alexaxdri- 


au-Feet make 6 Koman-Feet,, ' And Mr. Snell trath very inge- 
niouſly gathered both from Philandes and otherwile, that. the 
Khynland-Foot 13 equal to the ancient Koman-Foot ;* therefore 
alſo 5, Alexandrian-Feet are equal to 6 Khywland-Feet : So that 
by the rule of Proportion, 300000 Alexandrian-Feet, will make 
of Rhynland Feet 360000, Bur by the (1ze of our Engiiſh- 


Foot, which was ſent him from the Iron Standard in Garld-hal!, 


he finds it to contain but 968 ſuch parts as the Rhynland contains 
1000 : So that 968 Rhyaland-Feet are equal to 1 008 Engliſh, 
or 121 Ahyuland-Feet are equal to 125 Engliſh-Feet, There: 
fore alſo by the Rule of Proportion, 360000 Rhynlaxd-Feet are 
equal to 371900 of our Exg/zſh-Feet. Therefore according to 
Ptolomy, there are contained in a degree 37 1 900 of out Engliſh 
Feet. Bat by our fore-mentioned Experiment made between 
York and London, we find -only 367200 Feet in a degree, being 
leſs than Ptolomies by 4700 Feet, that is, by 54 part of a degr. 

or Z of amr, and little more. = 
Fernelims a Modern Authos and Learned Phyſician, meafuring | 
the way by:Revolutions of a Wheel, and the Laticudes by Qb- 
ſervation, -finds 1n a degr. 68 /talian Miles, and 96 Paces, the 
Pace which he; uſed being more than 5. of our Exgl:iſh-Feer : 
Bur becauſe he handled not the, Prgblem exactly, and 15 ſuſpe&ted 
by Szellizs (though I think without cauſe) to: have grounded 
his Concluſion rather upon the Experiment of the''Arabians be- 
fore ſet down (wherewith ir doth nearly agree)” than npon his 

own, we will infiſt no longer uponit.. ,- /- 

We come an the laſt place to the Experiment” of #i[ebrordus 
Snellize, a Hollander, raade in the Netherlands about 2c years 
F 2 pat, 
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paſt. We ſhall not need to recite the particulars of it, being ex- 
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rant at large in his Book before mentioned : but in Conclulion, 
he finds ina degr, 342000 Rbynland-feet. Now a Rhynland- 
foot (as he hath there ſhewed, comparing both together) is grea- 
ter than ours, and thatin ſuch.proportion,. as 1000 is to-96FI, 
(and ſo much or little more it appears to be by that model of the 
Rbyzland foot Printed in his Book) therefore 968 Rhyzland- 
feet muſt make 1000 of ours ; and hence by the rule of Propor- 
tion, 342000 Ahynland-feet, will make of our Exgliſh-feet 
3 53396. So that there ſhould be in a degr, only 3 53306 feet, 
which 1s Jeſs than we have before found ina degr. by 13894 
feet, that is, by 54 part of a degr. or 2 4 mi». and ſomething 
more. He was a man doubtleſs of fingular Induſtry and Know- 
ledge, and of much exerciſe in the Marhematicks,and it may be, 
was well experienced in this particular; touching the Geometrical 
men{arationof Diſtances, and he hath beſtowed much pains and 
diligence in this Experiment, as by his Book appeareth. Bur if 
he had by a Chain meaſured the Diſtance of his two utmoſt Sta- 
tions (if the Ground would permit, which I ſuppoſe it would. 


' not) or at leaſt-wiſe if his meaſured Stations had been further 


diſtant : I conceive he would have found a greater Diſtance in 


his two utmoſt places of Obſervation. But if a man, intending. 


to find the Diſtance of two places, meaſure only the 57 part of 


that Diſtance, and by that meaſured Line andthe Angles, think 


to find their true Diſtance ; whether he do it immediately from 
thoſe two meaſured Stations, or mediately by help of others ob- 
ſerved from them, he may eaſily fall into ſome notable Errour. 
For though the Problem be exactly true in Geometrical Demon- 
ſtrations, how ſmall foever the meaſure be, yet it is not ſo in ſen- 


ſible and experimental Practiges,., by reaſon of the weakneſs even. 


of the beſt Eye, and the imperfeRion of the Inſtruments in them. 
ſelves, and in their uſe. And belides that, there were many Sta- 
tions obliquely ſituate ; A man cannot always hit the juſt middle 
of. that Turret, Steeple, or other mark which he obſerves : Nei- 
ther. when he comes to make his Station there, can he always 
place his Inſtrument juſt at the concourſe of his former viſual. 


Lines, 
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Lines, by reaſon of other Impediments. Beſides the force of the 
wind in ſuch eminent places : and moreover, that amongſt ſo ma- 
ny Steeples as there are in ſome Towns , there, a man may at 
ſome time miſtake one for another. And if there ſhonld happen 
no notable Errour, by-ceaſon of any or of all theſe Caſualties : 
Yet may two min. in the difference of the Latitnde of two places 
be ealily miſtaken, eſpecially being derived from the Latirydes. 
of thoſe places which are very rarely ſet down true to a m1. 

If it be obje&ed, that I might'aſwel be fo much miſtaken in 
the difference of the Latitudes of 7ork and: Loxdoz. 

I anſwer, it is not ſo likely., becauſe I had the opportunity of 
obſerving the Summer Solſtitial Altit, of the Sun in both places, 
wherein I had no neceflary uſe of the Suns Parallax nor RefraQti- 


on, nor of the Table of the Suns Declination, any of which may 


cauſe more than a 743#. Errour, in finding the Latitude of either 


Beſides, if mine Errour in thoſe Obfervations ſhould be fall 
as much, yet would it not in the Concluſion be half ſo much, 
becauſe the difference in Latitude of the two places of my Ob- 
ſervation is more than twice ſo much as that of his. 

But let this ſuffice, leaving every man to embrace that which 
he hall beft approve. Both our Experiments do ſufficiently con- 
vince that cemmon Error of counting only 300005 Engliſh-feer 
ro a degr, belides the conſent of other Obſervations before re- 
cited Ancient and Modern. 

M. S»elliz hath further in.that Book of his, Entituled Era-. 
toſthenes Batavus, with much diligence compared ſome Anclent 
meaſure, as alſo the meaſures of ſundry Forreign Contreys with 
the Rhyuland-foot; and amongſt the reſt, our Exgliſh-toot, ac- 
cording to a fize thereof ro him ſent from the Standard 1n Guild- 
Hall, (from whence alſo 1 had abont 20 Years paſt, the lize of 
that Foot, which I have uſed in this meaſure,) we ſhall not need 


to repeat them all, becauſe his Book is extant : Some of them are 


theſe following, which we here compared to our Exgl:fh-foor, 
as he hath there done to the Rhynlarnd, that fo any of rhem may 


the more eaſily be reduced into our Feet, Therefore ner 
the: 
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| the Engliſh-Foot into 1000 equal parts, we few how many 
C-. of thoſe parts are contained in other Ancient and Forreign Feet. 
| Ancient Eeet compared with our Exg/iſh-Foot, 


,. Of ſ1ch parts as the Engliſh-Foot contains. | 1000 
Ancient Rowan-Foot contained, * - -  - 1033 
Ancient Greek-Foot contains = ©. $076 
Th £ Babyloman contains 'I'3ITL 
YAlexandr; 1: contains 1240 
Antioc(1c i contains | | 1405 
& Arab: nu contalns | | TION 
Forreign Feet compared with our Engliſh. 
Of ſuch parts as the Exgl:ih-Foot contains, I000 
( &hjuland-Foot contains 1033 
| Dort-Foot contains 1085 
1 iddlebrough-Foet contains 992 
Amfterdam-Foot contains 934 
Nah Autwerp-Foot contains 939 
Th 5 Lovain-Foot contains 939 
L 11C Hafman-Foot in Denmark 965 
| P arzs-Foot called the Kings-Foot < 1090 
| YVence-Foot 1157 
| Toleds-Foot $96 
| Nurimberg-Foot ' 1006 
LStrait5hur g-Foot 929 
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of dividing the Log-line, and reckoning the Ships way 


© gion is eſpecially grounded ; namely, the knowledge 
of the Longitude, Latitude, Courſe, and Diſtance. 
| Touching the Longitude, thouph it may be found by the 
other 
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Here be four things; upon which the Praftice of Navj- 
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ny | gtherthree, yet hitherto there hath not been delivered any gene- 
Xt. | ral Rule trne and praQticable, whereby the Longitudes of places 

| might be immediately and ordinarily tound of themſelves. The 
00 |} Latitudes of places may immediately be found by Obſervation of 
33 | the Sunandvtars; as we have formerly ſhewed in the Appendix 
76 ' to the Doftrine of Triangles : The Courſe by the Compaſs, 
IT | the Variation being duly obſerved , wherein we have many good 
40 Mariners very expert, this we have alſo hand)ed in the Dottrine 
07 of Spherical Triangles. The Diſtance run is tound of it ſelf by 
Qg the Log-Line, whereof we are here to ſpeak. £645, 4 TID 

The ground of finding the Diſtance run- by the Log. Line is 
CO meerly conjeural, being founded upon this Opinion, that 5 
33 of our Feet make a Pace, and x coo ſuch Paces make a Mile, 
55 and that 60 ſuch Miles make a Degree ; ſo that a Degree ſhould 
92 ' contain 300000 of our Feet : But it appears not only by this 
34 Experiment, but even by all others that were diligently taken, 
39 and their meaſures to us known, that there is a greater number 
39 of our Feet contained in a Degree. | 1,262} 
HE There be three things (as 1 conceive) that have cauſed' this 
90  FErrour to be ſo commonly received and tollerated. The one 
57 for that it doth ſomewhat counterpoiſe another contrary Errour 
96 In the Practice of Navigation : namely,.in the uſe.of the Plain 
6 Chart; for the Errour which is there committed by making 
20 every Parallel equal to the EquinoCtial, and ſo every Degree-in 
them greater than they ſhould be', is ſomething moderated by 

Py this Errour ; whereby the meaſure of a Degree is eſteemed leſs 
FT than indeed it is, 


For Inſtance ; It is evident by the G/obe, that the Meridians 
concurring in the Poles grow nearer and nearer together, as they 
grow towards the Poles ; Inſomuch, as if two Meridians be di- 


y | fant inthe EquinoRtial 10 Degrees, that is, 600 Miles, the ſame 
qe: Meridians in the Latitude of 35 Degr. will be diſtant little -more 
j-, | than 49o Miles. Now if unto every Mile we account according 
ge | ty the former Experiment 6120 feet, then is the diſtance of thoſe 
Ce | 2 Meridiansin that Parallel near 3 000000 feet. In like fort in 
" the Plain Chart 10 deg. of that Parallel (as of all others ) is mace 


equa! 
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equal to 10 degr, of the EquinoRial or Meridian : fo that the 
Diſtance of theſe two. Meridians will upon the Plaza-Chart be 
600 Miles, but one of theſe Miles contains only 5 000 feet, fo 
that the Diſtance is but 3000000 feet, equal to the former, 

And although theſe Errors in other caſes do not juſtly ballance 
one another, as in this Example, yet that of the Plain-Chart is 
always ſomething moderated by this other, and ſo much the more 
by how much they are nearer to the foreſaid Latitude. I grant 
that this is only ſo, when the Courſe is near unto the Eaſt or Weſt 
Points ; but withal, I ſay that this kind of reckoning 1s (in a 
manner) then only uſed : For he that runs any Courſe near the 
Meridian Southerly or Northerly, hath a more certain way of 
reckoning ; namely, his Latitude, which he finds daily by Ob- 
ſervation of the Sun and Stars, upon which he will depend, ei- 
ther negle&ing , or at leaſt not regarding his dead reckoning. 
Yea, (if it may be) never caſting the Log ſo much as once in 
ſuch a Voyage, having a more ſure ground for his reckoning. 
But in a Courſe that is near the Eaſt and Welt, (foraſmach as 
there is no way diſcovered for finding the Longitude) he is driven 
of necellity to make uſe of his dead reckoning. 

We might add moreover, that the principal Voyages of this 
kind, I mean of thoſe which conliſt of Courſes much Eafterly and 
Weſterly, as to and from the 7/eſt-1zdies, and the Parallel of Cape 
boy Eſperance are near unto this Latitude of 35 degr. ſo that as 
{ome of them are more Southerly, others of them are more 
Northerly, 

But to inſiſt no longer upon this, I ſuppoſe a ſecond cauſe to be, 
for that Men commonly defire to have their reckoning before 
their Ship(as they ſay )that they fall not with a place before they 
look for it ; And this comes fo to paſs, whilſt the Miles are ace 

Omg leſs in meaſure, and fo more in number than they are in- 
ced. 

Ard thus, though there may ſeem to be ſome commodity in 
theſe Errours, eſpecially when they do nearly ballance one ano - 
ther : Yet becauſe they ſeldom do ſo, but always leave men in 
uncertainties, and oftentimes in great perplexity and danger, j: 

| | is 
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is much ſafer and better to reject them both, and to imbeace thoſe 
ways, which are evidently grounded upgn truth, though there 
may be in them ſome more difficult at the firft. Yet 1 conteſs, 
that he which reforms one and not another, may ſometimes erre 
ſo much the more thereby. And 1 doubt nor, but many would 
reform them both, if they could certainly do ſo. 

Therefore a third cauſe of admitting ard retaining this Error 
ſeems to be, for that there hath been no way delivered trom evi- 
dent and certain Grounds for the rectifying of it. I doubt not but 
many have found Errours in their Reckonings ariſing from hence, 
that they account only 300000 of our Feet to a degree ; bot 
not knowing certainly where to lay the fault, have imputed it 
ſometimes to 11] Steerage; otherwiſe to the Variation of the 
Needle, or to {ome miſtake in the Reckonings, or to ſome error 
in their Plots, or to ſome Current, or ſuch other accident, and 
{ſo the Errour hath reſted unreformed. Wherefore although the 
practical performance of this Problem for finding the Circum- 
terence of the Earth, or the quantity of a degree on the ſame, 
have many {ingular uſes which I cannot now touch ; yet that 
which among{t the reſt I' chiefly aimed at, was, that we might | 
have a more ſure and evident ground for dividing the Log-l:ne, 
and for reckoning the Ships way cr diftance run more traly upon 
any Rumb or Point of the Compaſs than formerly. | 

And now to apply it to this purpoſe, we have noted before 
(Chap. 2.) that by the experiment there expreſſed, we find in a 
Degree on the Circumterence of the Earth and Sea, 367200 of 
our Exglift-tect. Wherefore retaining ſtill the ſame diviſion of a 
degree into 60 Miles or 20 Leagues (as hath been formerly uſed) 
a Mile will contain 6120 Feet, or 1020 Fathoms : And ſoa 
League contains 18360 Feet, or 3060 Fathoms , for dividing 
367200 by 60, the Quotient is 51 20,0. Thus then 60 Miles 
being a degree, every Miles 6 r 2 © Feer. 

Now ſuppoling the-time of the running out of the Log-!ize to 
be meaſured by an half Minute-glafs, if we obſerve how many 
Feet or Fathom ſhe runs in a halt Minute ; we may thereby find 
her way tor an hour or 4 hours, or for any other time propoſed. 
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As admit there runs out of the Log-/ize in half a minutes: 


ſpace 5 1 Feer, or 8+ Fathoms, and you would know what way 
the Ship makes every hour after the {ame {ame rate ; 


Say by the Rule of Proportion , 
If 6+ Minutes, give 51 Feet, 
What gives 60 Minutes; Or, 
If 1 Minute gives 1 02 Feet : 
What gives 60 Minutes ? | | 
And fo Multiplying, you ſhall find 5120 Feet, which is one 


Mile. Or, if you would find her way for 4 hours , which is 


240 minutes ; ſay, 
As 1 minute, 1s in proportion to 240 minutes, 
So are 102 Feet, to 2 4480 Feet, or 4 miles, 
Or if you would have it in Fathoms ; fay, - 
As 1 minute is in proportion to 240 minutes ; 

So is 17 Fathoms, to 4080 Fathoms, the Ships way 
in four hours. The like is to be conceived, if your Glaſs be 
for any other quantity of time above or under half a minute. 

Some have thought that the way which the Ship maketh, may 
be known to an old Sea-man by experience (as they ſay) thar is, 
by conje&ure : Which Opinion makes ſome neglect the uſe of 
the Log, leſt they ſhould be accounted young Sea-men. Bur 
as he that rides often will have ſome near gueſs how far the pace 


- he rides will carry him in an hour (becauſe he hath often ob- 


ſerved it formerly) ſo he which hath often Sailed and kept an 


- account of the Ships way by the Log, will be able to give ſome 


near eſtimate of her way without the Log. But it1s incident to 

ome men to have ſuch a conceit of this their eſttmate, that they 
think '1t More certain than the Rule it ſelf, from whence it 1s 
derived, eſpecially if it chance to anſwer their expectations at 
ſome times. 

It 1s thought alſo that the Ships way may be known by two 
Marks on the Ships ſide, but this is doubtleſs very uncertain , 
both by reaſon of the ſhortneſs of the time, and in reſpect 
of the dead water (as they call it) by the Ships ſide. For the 
water which is near the Ship, is drawn along with the Ship in 
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| hermotion, and ſo much the more, by how much i 1s nearer, 


But if any delire to make tryal of this way, it is to be confi- 
dered, that 17 Foot is 5&5 part of a mile, and 10 ſec. of a minnte 
is ;23 part of an hour : Therefore if there be two Marks on the 
Ships lide diſtant 1 7 Feet, if the Ship run the diſtance of theſe 
two Marks in 10 ſec. ſhe runs a mile an hour, it in 5 fec. two 
miles an hour, 1t ſhe runs that diſtance in 2 ſec. ſhe runs 5 miles 
an Hour. And ſo always dividing 1 © ſec. by the number of ſec. 
in which the Ship runs 1n thar diſtance, the Quotient ſhews the 
miles and parts of a mile run in an hour. 

But if the diſtance of thoſe two Marks be 34 Feet, if ſhe run 
itin2o ſec. it is after a mile an hour: if in 10 ſec. two miles an 
hour, it in 5 ſec. four miles an hour : and ſo always dividing 
20 ſec. by the number of ſeconds, in which the Ship runs thar 
diſtance, the Quotient ſhews how many miles the Ship runs in 
an hour. As if the Ship run that diſtance of 3 4 Feet in 8 ſec. 
then Dividing 2 © by 8, the Quotient 1s 23, ſhewing that ſhe runs 
2% Miles in an hour, Or, it you cati conveniently make the di- 
ſtance of the two Marks on the Ships [ide to be 5 1 Feet (tor the 
further they are diſtant, the better) then if the Ship run that dt- 


ſtancein 3o ſec. it is a mile an hour, if in 10 /ec. its 3 miles 


an hour, and ſo always dividing 3e ſec. by the number of ſecond, 
in which the Ship is running that diſtance, the Quortent ſhews 
alter that rate how many miles the Ship runs in an hour, 
Otherwiſe you may do thus , Divide 17 Feet into 1 o parts, 
and ſet as many of thoſe parts on the Ships [ide , as conveniently 
you may, (which according to the Ships length will be more or 
fewer.) Then when the Ship runs one of thoſe parts in a ſee. 
of time, it is a mile an hour ; when two, it is two miles an honr; 
when 5, it is 5 miles an hour. And in general,” if you divide 
the number of parts run by the. time of running accounted in 
ſec. the Quotient ſhews what number of miles after that rate are 
rv 1n an hour. | 
 Asif ſhe run 3o of thoſe parts in 5 (econds, it is 5 miles 
an honr , tor dividing 3o by 5, the Quottent 156 ; ſo if {hz 
run 42 of thoſe parts in 3 ſeronds, dividing 42 by 10, the Quo- 
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tient is 472, which ſheweth the Ships way at that time to be after- 
the rate of tour Miles and two tenths of a Mile in an hour. 
But for keeping this account of time, it may be done either 


by a Sand-glaſs for that purpoſe, or by pronouncing certain | 


words or numbers : as the time wherein a man tells twice 60, 
pronouncing every number as faſt as he can conveniently and di- 
ſtinctly, 1s about a Minute. ſo that the time wherein a Man 1s 
numbring 60, 1s a half Minute or 3o ſeconds; and whilſt a 
Man 1s numbring two (as one and twenty, two and twenty) 1s 
aſecond; and ſo whilſt a man is numbring from twenty to thirty, 
is five ſeconds, from twenty to forty, ten ſeconds, &c. but in 
numbriag from one and twenty, you may obſerve the ſame times 


- a$innumbring from one and twenty to forty, and this will not 


be hard to do; for whilſt a man pronounceth one and twenty, 
two and twenty, three.and twenty, &c. there remains a certain 
Impreſſion in the Fantaſie, whereby. a man is able in the ſame 
times to pronounce one, two, three, &c. And although this rule 
of numbring twice 60 for a Minutes ſpace be not general unto 
all men, becauſe ſome are ſwifter or ſlower in their pronunciati- 
on than others; yet atter this Example, a man making tryal, 
may frame a Rule to himſelf, whereby he may come ſomething 
near the truth. 

But leaving theſe, we come to the diviſton of the Log-line , 
according to the half Minute-glaſs, which 15 more uſual .and cer- 
tain. And conlidering that half a Minute is of an hour the =: 
part, therefore the Ships way running 5 1 Feet in- half a Mi- 
nute, 1sa Mile an hour , if ſhe run twice ſo much, that is, 103 


. Feet in halfa Minute, it is two Miles an hour , if thrice ſo much, 


1t is three Miles an hour ; and in general, how many times 51 
Feet ſhe runs in half a Minute, ſo many Miles is her way for 
an hour. Therefore leaving half a ſcore Fathom, or more from 


the Log, that ſo it may be out of the: Eddy of the Ships wake, 
before you begin to account or.turn the Glaſs; if there you make 


a Mark for the beginning, and ſo 51 Feet from thence a Mark 
of one Knot, and 5 1 Feet farther a Mark of two Knots, and 51 
Feet further (that is, 1 5 3 Feet from your.firſt Mark) another. 


Mark. 
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Mark of three Knots, and ſo proceeding : look how many Knots 
are veered out in half a Minute, fo many Miles 15 the Ships way 
for an hour. Now for that which is yeered out more aboye the 
juſt meaſure of a Knot or Knots, you may allow for every five 
Feet the tenth part ofa Mile almoſt. As admit ſhe run 5 Knots, 
and 25 Feet in half a Minnte, then is her way according'to 5 £, 
or five Miles and an half in an hour, it ſix Knots and ten Feet, 
it is 6 :2 miles in an hour, &c. 

But according ito the common Opinion of 5000 Feet to a 
Mile, and 6o ſuch miles to a degree, there ſhould be ſomething 
lefs than 7 Fathom, namely, 4 1+ Feet to a Knor. 

And although he which veers the Log-l:ve be careful to-over- 
hale it ſo ſlack, that it may not draw forwards the Log, yet-(no 
doubt) it doth loſe ſome way, following the Ship a little as it - 
1s drawn by the Line, and withal by the Eddy of the Ships wake, 
and ſometimes alſo is caſt forwards by the Wind and Waves , 
when they come after the Ship, ſo that for theſe cauſes, 1t is like, 
there may ſometimes be allowed three or four Fathoms more then 
15 veered out ; but this (as a thing mutable and-uncertain) being 
ſometimes more, ſometimes leſs, cannot be brought to any cor- 
tain.Rule, but ſuch allowance may be made for it as a man in his 
experience and diſcretion finds fit, 

If you would divide the Log-1ine ſo as it might give the Ships 
way in Centeſwes, or the hundredth part of a degree, and fit it- 
ro a half Minute-glaſs. Then ſeeing the hundreth part of a de- 
gree is 3672 Feet, and the x: part thereof is 30+ Feet ; If you 
begin at the mark at which you mean to turn the Glaſs, and mea- 
ſure from thence 30 feet, and. 3 fifth parts of a foot, you may 
there place x Knot , and thence again meaſuring 30 feet, and 3 
fifth parts of a foot, there place z Knots; and ſo proceeding at 
the end of every 30 feet and 3 fifths, adding a Knot, the number 
of Knots which run out in half a Minnte, is the number of Cer- 
teſmes which the Ship runs in an hour. As ſuppoſe there run 
out ten Knots in half a Minute, then the Ships way is according 


0 ten Cenreſmes of a degree in an hour , that is, the tenth part 
ef a Degree, orlix Miles, And fo every three Foot above the 


ju. 
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juſt meaſure of Knots, is near the tenth part of a Centeſme, or 
the 1000th part of a Degree. As if there run out of the Log- 
line 5 Knots and 1 2 Feet, then the Ships way for an hour is 5 
Centeſmes, and four tenth parts of a Centeſme : the like is to be 
underſtood of others, | | | 

And after the form of theſe Examples you may divide the 
Log-line for any other quantity of Time, more or lefs than half 
a Minute, or for any other parts of a Degree propoſed. | 

Thus have we handled the Diviſion of the Log-/zxe, according 
to the meaſure before found of 367200 Englifh-feet in a De- 
Sree : Rut becauſe (as I have before ſhewed) the Ships way is 
commonly more than by the L og-1:»e it appears to be, and ever 
man deſires to have his reckoning ſomething betore his Ship, thar 
he fall not with a place unexpected ; for theſe, and ſuch other 
cauſes; and for the rotundity of the number, if any man think 
It more ſafe and conventent in Sea-reckonings, he may abate one 
in5r, andſo aihgn to a Degree only 360000 Feet, and con- 
ſequently to a mile 6000 Eng/:ſh-teet. 

And upon this ground, if in half a minute there run out 50 
Feet of the Log-line, it is 4 mile an hour , and fo if r00 Feet run 
out 1n a minute. 

For, as 1 minute is in proportion to 60 minutes : 

90 IS I 00 Feet to 6000 Feet. 

And fo foraſmuch as twenty five Feet is $55 part of a mile, 
and 1 5 ſeconds 1s alſo 7 part of an hour : Theretore if there be 
two Marks on the Ships {1de diſtant 2 5 Feet, if the $hip run the 
diſtance of theſe two Marks in 15 ſeconds, it 1s after the rate of 
a mile an hour; ifin5 ſeconds, itis 3 miles an hour ; and fo at- 
ways dividing 15 ſeconds by the number of ſecozds in which 
the Ship runs that diſtance ; the Quotient ſhews the miles and 
parts of a mile run in an hour. But if the diſtance of theſe two 
Marks be 50 Foot, then if ſhe run it in 3o ſecozds, or half a 
Minute, it i3 a nulle an hour, if in 10 ſeconds, 3 miles an hour 
it 1n five ſeconds, fix miles an hour, (for thirty divided by five, 
the Quotient 15 6.) . And ſo always dividing thirty fecozds by 
the number of /ſconds, in which the Ship runs that Di- 
ſtance ; 
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ſtance ; the Quotient ſhews how many miles ſhe runs in an 
hour, &c. 

Otherwiſe, if you make a Mark on the Ships {ide at every 
twenty Inches, then when the Ship runs one of theſe parts in 
a fecond of time, it is a mile an hour : when five, it is five 
miles an hour : if ſhe run 18 of theſe parts in three ſeconds, it is 
ſix miles an hour. For dividing 18 by 3, the Quotient is fix. 
And in genera], it you divide the number of the parts run, by 
the number of ſ5cozds ſpent in running, the Quotient thews the - 
Ships way in Miles for an hour, : 

But for dividing the Log-/:ne according to this ground of 
6000 Feet in a Mile, if you intend to uſe it with a half Miaute- 
olaſs ; then becauſe half a Minute is >75 part of an hour, and 
50 Feet is alſo the 537 part of a Mile : Therefore when the Ship - 


' runs 50 Feet in half a Minute, her way 1s after the rate of a 


Mile an hour; if 100 Feet in half a Minute, 1t is two miles an. 


hour, &c. 


Therefore half a ſcore Fathoms or more from the Log , you- 
may make a Mark, and beginning from thence meaſure 5 © 
Feet, and there make the firſt Knot , and 50 Foot farther two - 
Knots, and 50 Foot farther three Knots, and fo proceeding : 
Look how many Knots 1s run out in half a Minute, ſo many 


Miles 15 the Ships way for an hour : and every 5 Feet more 


beſides the Knots, is a tenth part of a Mile , as if there run out: 
6 Knots and 2o Feet in half a Minute, the Ships way 1is-after 
the rate of 6=#& Miles 1n an hour, &c. | 

And ſo if the Glaſs were for any other tithe more or leſs than 
half a Minute, you may make the diſtance of your Knots pro- 
portional : as if it were for 20 ſeconds, then becauſe 2 © ſeconds 
1s of an hour the ++; part, I divide a Mile, which is 6000 Feet; - 


by 180, andthe Quotient is 33+; therefore there mult be a 
\Knor at every 33 Feet and 4 Inches. 


If your Glaſs be 36 ſeconds, which is 55> part of an hour, 
divide 6000 by 100, the quotient is 60, ſhewing that there 
muſt be 6© Feet to every Knot, and then every 6 Foot over and : 
above the Knots, is a tenth part of a Mile more, | Ft 
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Ando it is better that your Glaſs be more than balf a Minute 
rather than lefs , and the more the better , provided that there 
run out no more Line then you may hall in again, without dan- 
ger of breaking. 

\ Laſtly, if you would ſo divide the Log-1:ne , that it might 
ſhew the Ships way in Centeſmes of a degree, and fit it to an half 
Minute-glaſs : Then foraſmuch as the hundreth part of a degree - 
is 3600 feet, and the ;£; part thereof 1s 3o feet, therefore be- 
ginning at'the mark whereat you intend to turn the Glaſs, mea- 
ſure from thence 3o feet, and there make one Knot, and at ;6© 
feet farther two Knots, &c. Then look how many Knots 
run out in half a minute, ſo many Cexteſmes of a degree 1s the 


Ships way for an hour. And ſoit the Glaſs be 3 6 ſeconds, then 


every Knot muſt have 36 Feet, 

Now it a man Sailing between any two places which lie near 
Eaſt and Weſt one from another, have kept his Reckoning by 
Courſe and Diſtance, uling a Log-lie fo divided, that it have a 
Knor at every 7 Fathoms (as many do) and would reduce the 
Diſtance of thoſe two places ſo found, to their Diſtance in ſuch 
miles, as theſe of ſixty to a Degree, each containing (as we have 
ſaid) 6000 feet : The proportion in number of thoſe to theſe, 
15as6 to F, for 6 of them make 7 of theſe. 

As admit a man in his dead Reckoning, ufing ſuch a Log-line, 
as hath a Knot at every 7 Fathoms, and for every Knot running 
out in half a minute, he accounts the Ships way to be ſo many 
miles an hour ; and according to ſuch a Reckoning , ſuppoſe he 
find the diſtance of two places to 12 24 miles, or 408 Leagues, 
and would know the Diſtance of the ſame places in miles of 6000 
feet to a mile, -which 1s according to a Log-line that hath a Knot 

in every 5o feet. ” 


day then by the Rule of Proportion ; 
As the number 6 C'o. ar. 9.221585 
Is 1n proportion ro 5. 0.69897 
$0 15 the number of miles given 1224 3.03778 
To the number of miles required, 1020 5.00860 
Which 
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Which 1020. is the Diſtance of thoſe "two places, in ſuck... 
miles whereof 60 make adegr, Orto find the ſame in Leagues, | 
the Proportion is; As 6 toF; ſo is 408 Leagues, to 349 


Legett Ys I 

nd thus may the diſtance of Places be found in ſuch miles, 
whereof. 60 make a degr. eſpecially if with the diſtance expreſled 
in the plain C hart, you compare the reckonings of ſome skilful 
Mariners that have Sailed from the oneto the other. But thus 
to endeavour a Reformation of the p/ain Chart, were a labour 
ro little putpoſe ,- For there the correQing of the true ſituation 
of two places, in reſpect of: one another, is oftentimes an occa- 
ſion that the ſame places are the moft falſly ſituare in reſpe& of 


- others. Like as it there were two places 8 miles diſtant, and it 


were required to place a third three miles from either of them ; 
Here if we ſet the third in the middle, it will be four miles 
diſtant from either : But it (attempting to.mend that Errony) 
we make the third to be 3 miles from the firſt, then will it be 5 
miles from the ſecond : And thus unayoidably,” the mending of 
the one, is the marring of the other ; becauſe the thing propoſed 
is not poflible. | I 
And ſach is the Errour of the Plain or common Sea-Chart, 
repreſenting the Earth and Sea, not as a Spherical, but as a Plain 
Superficies; not as if the Meridians did concur in the Poles, but 
as if they were always parallel one to another. So that the 
proce and proje&tion being ſuch , the Situations and Di- 
ances of places, cannot be generally and truly expreſſed therein, 
But the graduation and Projeion of Mercators Chart, agree- 
ing without ſenlible errour with the Globe, there may in that be * 
deſcribed at or any parts of the World, according to their Fon- 
gitudes, Latitudes, Courſes, and Diſtances, as truly, and far more 
conveniently for the /{ariners vic then upon the Globe itſelf; 
and upon ſuch a Chart fo. deſcribed, a reckoning may be truly 
kept, and any Erronr committed, may ea{ily be diſcerned and 
amended. Whereas on the p/ain Chart, if a man find his reckon- 


Ing to diſagree, he is ſo far from knowing how to amerd it, thar 
| kecan ſeldom conjetnrs where the fault was. 
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- Thenegle& and want of theſe Charts hath been, and is a great 


| imperfe&ion in Navigation and. Geography. For howſoeyer 


there be ſome which do daily fet forth tor ſaleMaps of the world, 
and of the parts thereof, according to this Proje&tion : Yet to 
have them truly ſuch, and fit for 'Navigatioy, requires inthe 
Author or maker of them good knowledge, and ſome compe- 
tent ability of his own, . or aid from others, with a greater love 
to the Truth, than to his own Profit, which may induce him to 
beſtow ſuch Induſtry, Time, and Expence, as I have formerly 
noted. to: be reſited in fuck a Work, : | 
For the furtherance whereof, and of the PraQtice of Namig a- 
t:04 in general , Iſhall endeavour in: the two next Chapters to 
ſhew a methodical and orderly way of keeping a reckoning at 
Sea, more difiintly and exa&tly than hath been formerly uſed, 
and ſuch as. may aptly be ſer down in any Chart, and applyed in 
the three principal kinds of Sailing ; namely, according to the 
Plain Chart, or Mercator's, or according to the Arch of a great 
Circle. And by a few reckonings truly ſet down, according to 


this form, the Maps of the Warld , and of the parts thereof, 
might be: much retormed. 
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7 CHAP. VIII. 
A formal and exaF way of ſetting down and perfeFing 


a Sea-reckoning. 


Lthough the Courſe and Diſtance cannot be ſo truly and 


certainly known as the Latitude may be : yet we muſt 
endeavour in theſe alſo to come as near the Truth as 


may be, the rather for that ſome reckonings muſt ne- 
ceſſarily depend wholly upon them. And to that end, thoſe 


which 1n their Voyages at Sea have occaſion to run far upon any 


Courſe or Courſes near the Meridian, may do well to make 
tryal of that which I haye forrherly ſet down, touching the quan- 


tity 


EC 
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tity of a degr. onthe Eanth-and Sea in-our known Meaſure , and 
eſpecially in the Eaſ#-Izdia Voyages; Sailing trom the Lizard 


oy » 
. 


in the Welt part of E-oland','to Cape de bonne Eſperance in 


Africk,, they havezoppottunity of inaking an ample Experimenr 


hereof. EG: ooo | | 
But leaving this to'thePraGtiee of the skilful and induſtrious 
Sea-man, We come now to ſhew an orderly and exa&t way of 
framing and keeping a reckoning at Sea : for which purpoſe 1 
have made the Table following, which ſheweth how much a Ship 
is more Northerly or Southerly, and how much more Eafterly 
or Weſterly, by Sailing upon- any Point or- half Point of the 
Compaſs, any number of Miles propoſed. | | 
The like Table I made many Years ſince, and taught the Uſe 
of it in Navigation , 'Whether it were then uſed by any other , 


Iknow not, I had it of no Man ; but this I ſpeak, that if any 


Man claim the firſt Making and Uſe of ſuch an one, he may have 
It, | | | "Ja 
The Ground of making this Table is the ſame with the for- 
mer. For 4s Radius 7s tz proportion to the Diſtance run, Sou the 
Sine C —y the Rumb, to the Diſtance of North or 
Sonth, and ſe is the Sine of the Rumb, to the Dif ance of Eaſt v7 
Weſt. Therefore here for 10 Miles upon any of the four Points 
from the Meridian, we ſet in the ſecond Column'the Sine Com- 
plement of that Point (reduced into degr.). and in the third the 
Sine thereof. As the ſecond Rumb or Point frorti the Meridian, 
being 2 2 der. 3 o m1. the Sine Complement thereof” which is 
9239{et in rhe ſecond Column againſt ro ; andthe Sine there- 
of 3827, Iſet there in the third Column f and having done thus 


for 10 Miles-in every'Column', the reſt may be calily drawn 
from them. - OTE 
As in the ſecond Column, for the firſt half Point againſt 16 
Miles findinding.9957, I ſer the half thereof.; namely "4976 
againſt 5 Miles,. andthe tentlrpar# thereof, namely, 995 againft 
one Mile, which doubled or added to it ſelf, is 1990, ro be fer 
againft two Miles, whereto adding the ſame 995, the Sum 
1s 2985 for three Miles ; and ſo forthe reſt. FP 
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And thus for every Point and half Point from the Meridian, 
there are three Columns: In the firſt whereof there is ſetdown a 
number of Miles run upon that Point or half Point ; the ſecond 
ſheweth how much the. Latitude 1s alrered ; that is, how much 
you are more Southerly or Northerly, by running ſo far upon 
that Point or halt Point ; the third, how. much you are more 
Eafterly or Weſterly, by running that Courſe and Diſtance, 

The numbers ſet in every firſt Column from 1 to 1 care alſo to 
be underſtood from 10 to 109,, or from 100 to 1000, and the 
Figure in the fourth place of the ſecond and third Columns,anſwer 
ro the Figure in the firſt, As admir a Ship run South and by Weſt 
(that is (South 1 Point Weſterly) 1.65 Miles, ) I ſet down 
this number thus, and looking 


1oo| g8i| 195] in the Columns of the firſt 
S.W,1| 6c] 588 117]. Rumb againſt 10 (which may 
ont, 5|-__49]___1®] beunderſtood tobe 100) 1 find 


| 165] 161.8 


 32+2| againſt it in the ſecond Column 

| 9d1 almoſt, and in the third 
195, alſo againſt 60 (that is 6) in the firſt Column, there 
is 588 in the ſecond, and 117 inthe third : alſo againſt 5 in the 
firſt Column, there is 49 in-the ſecond, and almoſt 10-in the 
third. . 


a Ship running $ by # 165 Miles, is tothe Southwards of the 
place from whence ſhe departed 161 Miles, and 8 Tenth parts of 
a mile, and to the Weſtwards 32 miles , and:2 Tenth parts of a 


mile, If you delire more exacneſs, you may uſe all the places 


DH — 


TIF; J. "160 Fs - g9868 _—_— ci for the: firſt or greateft 
S.W, 4.4.” -60|- :q 5885| ri70 Jn ,.iwhich 1s: here 
=o. p ! homey 297 | #4 | ; ho in the, ſecond Ex- 
| 165.| 161.83), 32.17 


therly Diſtance is 161 74% miles; and the Weltetly 132 544 
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Theſe ſet down, and ſumm'd np.as here appeareth, ſhew that | 


_ ample,,- where: the Sou- 
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Northing or Southing, Faſting or Weſting 
mb and half Rumb ſrom the Meridian; ace 
he number of Miles run upon that Rnmb. 
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x A larger Example may be 
b& of Sailing by a Great Circle fro 
Lizard, pag. 127» 


be that before ſet down in the Jaſt Pro- 
m Sammers-!ſlands tO By 
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' As admit 1 Sail from thence , Firſt, N E 4} Point Eaſterly 
" 660 Miles, then A E by E 300 Miles , Eaſt Northeaſt half a 


Point Northerly 465 Miles; ENE 390 Miles, ENE+ 


Point Eaſterly 2.94 Miles; E by N 210 Miles; Eaſt g 5 1 Miles: 


"Theſe Courſes and Diſtances I ſet down in ſuch form as here ap- 
peareth, where in the firſt Column there 1s expreſſed the Courſe 
or Pot of the Compaſs upon which a Man Sails : In the ſecond 
Column , the Diſtance of that Rumb from the Meridian : In 
the third Column, the Diſtance run upon thar Point , In the reſt, 
the difference of Latitude, and departure from the Meridian in 


Miles, and tenth parts of a Mile, 


mr rr mr ng 


” 
: | 


a 
. 


Rumb |Diſt.\ | | | | 
Conr[e. from me.mules. North. | South, | Caſt. We. ) 
[ACE +} ob | 4 || HY ER 
] Po. E. |Eafterly.| 60] | 380.6 463. 
| 453 P. Gs 
TNE by |N Eaſff.| 300 166, 7] 2494 
IE. F Point, | TN RES 
{ENEENEaft \| 4oo| | 1865] | 35228 
{Po. N. [5 3 Po. | go] | 424 194 
| | F | = a: 
E NE |N Eaſt | 300 1148 217-2 
| 6 Point. | 'go|| 344 _* * EE 
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5 LES 2 DER |. 
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| 900 _ 
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(In all which is to be conceived, that the Variations are: al- 
lowed) fo that at the Foot of this reckoning, 1 find the Sum of 
the North Column to be 1047 75 Miles, and the Sum of the 
Eaſt Column 2920 Miles almoſt; the firſt, namely, x 047 miles 
converted into degr. is, 7 degr.27 m7». the eifference of Latitude, 
which added tothe Latitude of Summers-iflands ; 2. deg..2.5/ mains 
(where.this reckoning began) thevunt is 49 «-g..52 m1. which 
is the Latitude of this laſt place where this reckoning endeth. 
So thar according to this account , the Ship 15 run into the Lati- 
tude of 49 deg. 52 wiz. and hath altered her Longitude to the 
Eaſtwards 2920 miles, of {uch miles, whereof 60 make a 
drgr.o1 a great Circle, 116, 

Therefore, if you ſet down this reckoning on the P/ainChertr, 
you mult make a Point in the Char: that may be in the Latiutde 
of 49 deg. 52 min, and to the Eaſtwards 0: Summers-1ſlands, 
(where thiz reckoning began) 2 92c miles, that 1s, you mult run 
a paraliel (with your Compaſles or otherwiſe) on your (hart in 
the Latit, of 49 deg. 5 > mia. and croſs th: fame by a Meridian, 
which may be to the Eaſtwards of the Merid.of Sunzmers- Iſlands 
2920 milez, and fo the Point of the Iiterſe&ion of this ParalleT_ 
and Meridian, is the Traverſe-point or Point in the Chart repre- 
ſenting rhe place where the Ship is in the end of this reckoning. 

But if you ſt down this reckoning on Mercartors Chart, you 
muſt alſo find a Point that may be 1a the Latitude of 2 9 degr..5 2 
min, and may likewiſe be to the Eaſtwards of >#mmers-1ſlands 
2920 miles, which is done by running with your Compaſſes a 
Parallel in the Latitude of 49 degr. 52 m7». and croſling the ſame . 
by a Meridian, which may be to the Eaftwards of the Meridian 
of Summers-Iſlands 2920 miles, the Point of the InterſeRion of 


. this Parallel with that Meridian, is the Traverſe-point, repreſent- 


ing in the Chart the place where rhe Ship thea 1s. OO ut. 
For it is to be conceived in this Chart, that the degrees of the. 
Meridian intercepted between the Latitude; of two places are 
as a Scale for thoſe two places, to meaſnre not only their diffe- 
rence of Latitude, but likewiſe their Diſtance in their Rumb, as 


alſo the Diſtance of their Meridians. . | Y 
| | ut, 
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But becauſe it often falls out, that in Sailing from place to 
place, a Ship runs not near the Rumb of the rwo places by many 
hundred miles, eſpecially in ailing by the Arch of a great Circle, 
-which is the moſt exquiſite manner of Sailing, and wherein a 
man ſhifts his Courſe often, and runs much farther in one Latitude 
than in another, as by the former Example may appear. There- 
fore once in three or four days, or ſo often as you alter your 
Courſe much, you may transfer or ſet down your Reckoning out 
of yorr Book into your Chart. As in transferring the former 
Example, you may ſet down the Northing and Eaſting of every 
of the Courſes ſeverally ; but tor brevity ſake we will bring them 
into three parts (and ſo alſo we ſhall not much err.) 

And thus for the two firſt Courſes, namely NE = Point 
Eaſterly 600 miles, and N E by E 3eo miles, 1 find in the 
$a __ - North Column 547 Miles; and in the Eaft 
North.) Eaſt. | Column 713 miles : alſo for the three next 
| 547] 713] Courſes, ſumming up the North and Eaft Co- 
. 459| 1050| lumns, I find the Northing to be 459 miles ; 
' - 41| 1157] and the Eafting 1050 miles, Alfo for the two 
| To47) 292 of laſt Courſes, 1 tind the Northing to be 41 
0 HE miles, and the Eaſting 1 1 57 miles. 

Now to transfer theſe into the Chart,1 conſider that 547 miles 
ls 9 degr, 7 min. Which added to the former Latitude 32 der. 
25 #12. makes Latitrde 41 degr. 32 min. In which Latitude 
I run aParailel, then conſidering that 71 3 miles is 1 1 depr. 53 
win, I take this 11 degr, 53 ms. in the Meridian, as much a- 
bove the one Latitude, as beneath the other, namely, from 31 
degr. O min. tO 42 degr. 53 mis. and this I ſet in the foreſaid 
Parallel from the Meridian of Sam2mers-[flands te the Eaftwards, 
and there make the Point B, then redueing 45 9 miles into degr, 
it makes 7 deg. 39 mn. Which added to 41 deg. 32 min, makes 
Latitude 49 deg 11 mim. Allo the Eafting 1050 miles are 17 
aeg. 30 m1n, the half whereof 8 deg. 45 min, 1 take in the Mee 
ridian from above 41 degr..32 mw. beneath 49 degr. 11 min. 
namely, from 41 deg. 20 mi». to 50 deg, 5 min, And this being 
doubled (becauſe it is but the half) I ſer from the Meridian of 


the 


5 


mm 1 -- 2b 


INWEALMWDPDY) 


9 


V 

8 

* 

&Q 

: | 
R 

V 

G5 
V 
be 


= 


oo 4 of$s 4 off 7. ofE 


65 The Sea-tuans PraFice. 


the Prick. or Lraverſe-point B before made, inthe Parallel of 49 
deg. 1 | main... making there another prick D, Laſtly, I add the 
Northibg 41 mites ro the-former Latitude 49 deg. 1:1-m9;x, the 
Sum 154.9 deg. 52 mn. the Latitude of the Para ph I 
am nov come; wherein+tam to fet down the-Eafting Y "miles. 
This therefore converted into degr. of a; great Circle, \make 19 
degr. 17 min. | take therefore 1 degr. of the Meridian, about 
that Latitude of 49 degr. 52 mn. (becauſe the moſt part is: run 
in that Latitude,) namely, from 49.degr. 30/mir. to:50 degr. 
3 #214, and ſet the ſame inthe foreſaid Parallel fromthe Meri- 
dian of! the prick D. Jaſt befort mail tothe Eaſtwards t'5 times, 


and moreover-15 11h. take-at the ſame Latitude, and. this reach- 


eth to the point E, And ſo isall this reckoning ſer dewn, and 
the like 13 to be underſtood of any achile/ which -theukl 11n ex- 
preſſion it require many words for plainneſs , yet is there very 
licle difficulty more in the PraQtice ,' than there is in ſenting 


——_ 7 


down a reckoning on the Plain Chart, | 
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CHAP. IX. 


L-*.1 


A more ampie Example, together with a larger Table for 
the keeping a reckoning al Sed. £7 


Aving thus (in a more general manner) .ſhewed how to 
ſer down a wn ger p bþ Bram Ships way” for edge 
e 


and half Point of the Compaſs ; this to ſome Men ghght 
ſeem ſufficient : But becauſe a Ship doth not always nlake 
her way good as ſhe-lies,, nor doth hex Leeward-way always fall 
juſtly upon a whole Point, .or. half-Point, .or quarter; - - And 
moreover, conliderirg;that though a Ship ſteer away uppn bn 
Point of the Compaſs, yet her true way, by reaſon of: theVa- 
riation of the Need/e, may ſwerve from that Point towards'the 
one hide 02: towards the other 3 or 4 degr, or more or leſs; and 


nor 
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not always. a Point, or half a Point, or quarter : therefore l 

have thought it requiſite to fet down the Table following ta 

every lingle deg.and that a man might the more readily with one 

or two Entrances have his deſire , I have alſo enlarged the num-. 
ber of miles unto 100. The Ground and way of making this. 
Table differs not from the former, and it is to be uſed almoſt in 

the ſelf ſame manner : wherefore we ſhall uſe the more brevity 
in handing of it, 


Here followeth a Table of the Northing or Southing, 
Eaſting or Weſting of every degr. from the Met1- 
dian, according to the number of Miles-run upon 
that degr. which for brevity ſake we call 
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Now for the form of ſetting down a Reckoning, although he 
which is accuſtomed to keep it in this manner, may haply by uſe 
and praRtice diſcern how to order it in a better way then I can. 
preſently preſcribe or think upon, becauſe he hath occaſion often 
to conlider it in every particular ': yet in the mean time [ con- 


ceive it will be fit to have a Book in Folvo, that is, two Leaves to « 
a ſheet of Paper, and to keep the left {ide of your Book void, 


that you may write therein all ſuch Occurreets as you ſhall think 
requiſite. "As namely, the Winds,. and the Points of the Cors- 


paſs, upon which your Ship lies, and what allowance you make |. 


for Lee-ward way when you Sail by a. Wind, the number of 
Glaſſes or Hours, and how many Knots or Miles in each hour. alſa 
the Latitudes which you find by Obſervation of the Meridian- 
altitude of the Stars, and what elſe you ſhall think remarkable. 
But before all this, the title of the voyage in theſe or the like words. 


The Journal of our Voyage intended\ ly Gods aſſiſtance from S.1. 


in the Latitude of 32 deg. 2 5 min, to the Coaſt of England, &c» 


The right hand Pages, or the right ſide of your Book through- 
out, may by Lines be divided into x2 Columns, as in.the Ex- 


ample following doth appear. 1n the firſt Column may be ex- 
prefled the Day, in the ſecond the Month , or at leaſt once 1n the : - 


top of the Page ; likewiſe in the ſame ſecond Column, being late 
enough, may be ſet down the Latitudes which you find by the 
Meridian-altitudes of the Sun at ſuch times as you make obſerva- 


tion. In the 3 Column the Courſe (the Lee-ward way, if there be - - 
any Leeing allowed.) In the 4 the variation of the Needle, In -- 
the 5 (having, made allowance for the variation) ſet down. the..'-” 


Angle of your Rub with the Meridian. In the 6 Column fer 
down the diſtance in Miles run upon that Rumb. In we >, 2, 9, 


and i o Columns the Northing or Southing, Eaſting or Weſhrg, _ 


thereto anſwering, as you ſhall find it by your Table. In the in 
your Latitudes by dead reckoning. And laſtly, inthe 12 Column 
you may at ſuch times as you think fatteſt, ſer down your Long: - 


r*de from the place-from which you firſt departed, or the 'diff.= | 


rence of Longitude from place to j lace. | 
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For an Example, we may frame a Reckoning between the two 
places before-mentioned, namely from Suzzmers-Iſtands to the 
Liz.«r4, whoſe diſtance in their Rumb we have before ſuppoſed 
to be 3299 Miles, as ſome Charts make 1t, and conſequently 
their difference of Longitude 70 deg. I would not be underſtood 
as if I affirmed it to be ſo much, for I ſuppoſe it is leſs. I was 
there indeed abont 2 © years paſt, and Surveyed it, and than kept 
a Reckoning both outwards and homewards, but I have loſt thoſe 
Reckonings long ſince, and have forgotten what they were, and 
in this caſe it matters not , for whether the ſuppoſition be near 
the truth or not , it ſerves ſufficiently to exemplifie the Rule, 
that being the end for which it is uſed. - But if their diſtance be 
3299 ſuch Miles as contain only 100e Paces in a Mile, the ſame 
being reckoned in ſuch Miles, as we have before-mentioned, 
namely, in ſuch whereof 60 make a degree of a great Circle, 
which as wetfind contain 61 2 © Feet in a Mile, their diſtance will 
be little morethan 2695 Miles, and conſequently, the difference 
of  Longitude'little more than 5 54 degrees, Tk 
--- Let us therefore ſuppoſe the difference of Longitude between 
thoſe two places to be 55 degrees, and their Latirudes to be the 
ſame as before, namely of the one 32 deg. 25 min. andof the 
other 50 degrees. And let the Courſes, Diſtances, and other 
Obſervations from Samwmers-1ſlands to the Lizard to be ſuch as 
| beforeis ſhewed, | be 
_ _ The firſt entrance in this F ournal, (which 1s the 2o Day of 

February) 1s thus to be underſtood ; namely, that from the time 
of ſetcing Sail (which we ſuppoſe to be the 1 9 of Febraary) till 
the 20 Day at Noon, the Shipdies away , and makes her way 
good upon the Northeaſt ad Eaſt Point of the Compaſs ; bur 
the variation being 8 degrees to the Weſtwards (as in the fourth 
Cotumnappears) the Rumb upon which ſhe hath run is from the 
North to the Eaſtwards only 48 depr. as ts exprefled in the 5 Co- 
lumn (itis indeed 48 + deg. but the + deg. we omit, as for the 
other circumſtances not to be regarded ) upon this Rumb ſhe runs 
78 Miles,. as in the 6 Column appears, and anſwerable thereto 
I hnd Wa .- Table before-going, the Northing to be 5252 miles, 

Ce n= and 
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and the Eaſting 5752, as here 1n the ſeventh and ninth Column 
1s expreſſed by theſe numbers 522 and 579 (for the firſt Figure 
towards the right hand ſignifyeth the tenth parts of a Mile, the 
.reſt Miles.) Hencethen the Northing being 52 Miles, it thatbe 
-added to the Latitude from which it is reckoned, namely, 32 dep. 
25 min. it makes the Latitude here to be'23 deg. 17 wan, as in 
the 11 Cojumn appears. In like ſort, the ſecond.entrance-being 
the 21 of February, ſheweth that trom the 2 © Day at Noon to 
the 21, ſhe made her way good upon Northeaſt and by Eaſt 
Point of the Compaſs, bur the Variation being 8 degrees Weſt- 
erly, the Angle of the Rymb with the true Meridian was from 
the North to the Eaſtwards 4 degrees, and ſo Sailing 100 miles, 
the Northing is 69 53 miles, and the Eafting 74 ;4 miles, ſo 
that the Latitude now is 34 degr. 24 #19. and the like 1s ro be 
underſtood of all the reſt. - 

Touching the Longitude expreſſed in the, laſt Column, a!- 
"though a reckoning may be kept and ſet down without 1t, yet it 
is of very good uſe, and how to convert the Eaſting or Weſting 
(that is, the miles expreſſed in the Eaſtand Welt Columns ot 
your Journal) into degr, and m9. of Longitude , we will ſhew | 
afterwards, as alſo how you may ealily. corre your Courſe, 
and pive the true Courſe or Rumb, allowing the Variation. 

Burt thus to proceed with this Journal, obſerving the Meridian- 
altitude of the Sun upon the 2 3 and 24 February, I find that my 
Latitude upon the 2 4, is 39 deg. 36 mn. whereas by dead reck- 
oning it is but 39 deg. 2 8 min, ſo the difference is 5 more Nor- 
therly : but being well aſſured of the Latitude found by Obſer- 
vation, I corre& the dead reckoning thereby , which may be 
done by the Rule of Proportion, ſaying, 

As the Sum of the North Column 3 12 5. Co. ar. 6.50515 


To the Sum of the Eaſt Column, 4300 3.63347 
So the foreſaid increaſe Northerly $0 I. 90309 
To the increaſe Eaſterly 110; :2. 04171 


That is, 1 1 miles : for the firſt place towards right hand is only 
tor the tenth parts of a mile, 


The 
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The ſame may alſo ſufficiently be found without'the Rule of 
Proportion, by the foregoing Table, only for lookmp there un- 
det the degree upon which 1 have-:Saled, namely, un er'54 dep, 
for 8 miles or $0 tenths of 'a mile; though 'F-find ng+ the fame 
exaQly, yet 1 find one which'is near it, namely $2; und avainft 
it in the next collateral Column 1 13,” which 15 1/753 miles' (be- 
ing too much by + of a mile, becaiiſe the other is too much b' 
=) I add therefore in the North Columnot the Journa] 8 miles, 
and the Eaſt Column x 1 miles ; and fo whereas by dead reckon- 
ing, the Northing was but 30473mules, and Eaſting'1.94 tniles; 
now having correQed it'by obſervation, the Notthing is 3 x'2vs 
miles; and Eaſting'4 3o miles. ' 5 on WE WELT Fa” 

Inlike fort upon the 27th day, I ſhould by dead Reckonin 
be in the Latitude of 44 deg. 09 m7". but by a clear and good/ob- 
ſervation 1 find my ſelf in the Latitude of 4 3 deg. 55 mn. that is, 
not ſo much Northerly by 14 9». therefore to corre&-'it I put 
in the South'column 1 4 miles,or 1.40 tenths, and ſeeing my.conrfe 
was between the/Notth and the Eaft, and that I find my ſelf to 
beleſs tothe 'Northwards, that is more to the Southwards than 
my reckoning, therefore in probabiliry I am alſo leſs to the Eaſt- 
wards-that'is, more tothe Weſtwitds than my Reckoning ;-But 
to find'how'murch, Tlook'in the fotegoing Table for the degrees 
upon Witch T have Suled, being from the'North part of the Me- 
ridian'to'the Eaſtwards 6o dep. and rinder 60 deg.'Tlook for 14. 
miles;'or x qotenths,'and againſt it inthe Column'/adjoining I find 

243, Which I ſet down-in'my Journal in the Weſt'Colamn, and 
ſo ſubſtraQing the fiſt from the N6tth*Column, the other from 
the Eaſt *:-I'fmd that whereas by dead'Reckoning I ſhould be t6 
the Northwards 27355 miles; and to the 'Ealtwards 46552: 


[1 ©® 


. Now having corrected it by Obſervation, Thnd that fromthe 


24th day till this time 1 have run more Northerly than'T was by 
2 5952 miles, and more Eafterly by 44153 miles. © © 

But if your Courle be near the Eaſt or Welt, it may ſuffice to 
corre& it in Latitude only, as-in theExarmpleof the 3 of Alarch 
appears ; for in that caſe you cannot corre&:Longitude, but 
irom ſome further ground. | 
If 
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If there be any Current, you may: note. it: avis donein!thav 
Example following the-8th of March. - 5 
Now if youwould ſet-down this Reckoning upon the Plain 
or common Sea:Chart : Firſt, if you deſireto expreſs every days 
kecounty you may-begin for the.20 of February; and-raake arprick 
in your Plor thatmaybefrom the, glace-from'which/you ſer: Sail 
to the Northwards 52+ miles, and'ts' rhe: Eaftwards '5.7 <2 ; 
and ſo-willthis Point be diſtant from the place: of. your ſetting 
fail 78. miles Northeaft, and almoſt a quarter of a/ Point Eaſterly:: - 
then-for the >1'day you inay. make another Prick, : which may 
be from the form to the 'Northwards 6.653-mites',. and:tothe 
Eaftwards-7:44542 miles, and fo you' may-proceed with the-teſt. 
And thus you ſhall have a Prick oti the Plot for every day. more 
exactly fer:down, . then could be done after the ordinary way by 
Courle and Diſtance, or Courſe and Latitude, - eſpecially becantz 
in linirg the Plot., there'are not, nor cannot -conventently be 
drawn 'any more than: the-3 +:Points of :the; Compaſs, :z.nor 


es T 


half Pots, quarters, or ſingle degrees; -: 1. : 
. - But if you deſire not to ſet down every days reckoning (which 
is not neceſſary to be done) you may ſet dawnevery ef the ſums, 
as they are corrected by obſervation after the ſelf-ſame manner. 
Or you may additogether all. choſe ſams, and.{o:the ſum total 
of the North-Column wilt be! x 4047 Miles, and of the-Eaft .Co- 
lamn 24345 Miles, therefore in the Meridian of: the place from 
Whicli you depart;you may ſet down to the N:wards of that place 
1049 Miles, which will tall in the -Latirude 0b 4.9 deg. 5.4 man. 
almoſt, and from thence in-that Paralle} ſer down directly to the 
'Faftwards 2 345 Miles, '4nd-there--maks a: Prick for the place 
where the Ship thertis the tenth-of 2farckand ſoiisal} this Reck- 
oning ſet down at'orice. - 77 UNE Doi 0 0 EG, 
Tr you keep Reckoningaccording toi Mercator, it will be re- 
quilite ſometimes t&- ſum ap your Reckonings paſt, inamely, fo 
:ofteri as you makeſafly ndtablenlterarion.in your. Courle; and lo 
*this Reckonidg 6r avy-other'tmay be1tt Jown almoſb asealily-on 
"PMſerontor's Ohars..- hi difference is,;tharhege you-muſt» often 
alter your Scalv,becauſe the deg; 0f Latitudeon this Chart are «1 
| I ER Ee equal, 
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equal, but grow greater and greater towards the Poles, Now then 
the diſtance of two places is to be meaſured by that part of the 
Meridian, which is intercepted between the Latitudes of thoſe 
two places ,. Or if both places lie in-one and the ſame Latitnde, = 
their diſtance is meaſured by a degree or other leſs quantity, taken . 
about thar Latitude , namely, ha}t above, and half beneath. 

- Wherefore if you wonld make a Prick or Traverſe-point in 
Mercators-Chart, anſwering to your reckoning forthe firſt day, 
namely, until the 2 0 of Febrwary at Noon , it appears by your 
Journal that Prick muſt be to the Northwards of the place from 
which youdeparted 5254 miles,and to the EzRwards 5773 miles. 

Now inſtead of the North or South Columns, you may more 
conveniently uſe the laſt Column bur one, ſhewing in what Lati- 
tude every rccount doth fall ; and ſoit appears, that the Prick for 
the 20 of February mult be in the Latitude of 33 degr. 17 min. 
Therefore in the Meridian of the Summers-1flands from which 
you departed, make: a Prick in the Latizude- of 3 3 deg. 17 min. 
and from that Prick ſet down to the Eaſtwards in the oa Latt- 
tude 5753 miles,and where it ends is the I raverſe-point anſwering 
to the 20 of February : the like may be done for the 21 Day, 
and ſo for all the reſt. This 5 2 miles may be taken in the Meti- 
dian from the Latitude of. 32 degr, 22:0, to the -Latitude of 3 3 
deg. 1 © mini, or otherwiſe you may take the half of it, which is 
2 9 Miles about the middle between both Latitudes and double it. 

Bur it is ſufficient to ſet down the ſums of every two or three 
days accounts, - or ſo often as there is any notable Difference in 
your Conrſe. Thus if you would make a Prick in the Chart, an- 
ſweringto the 2'1 of Eebruary, being the firſt ſum , I ſec by the 
Journal, thar it muſt be in the Latitude of 34 deg. 24 m1. and to 
the Eaſtwards of the place from which I departed x 32752 miles. 
Therefore in the Meridian of the place from whence I departed, 
I make a Prick 1n the Latitude 34 degr. 24 mn.and from that 
Prick 1 ſet.in the ſame Latitude to.the Eaſtwards x 32 74 miles, 
and where it ends if-the Traverſe-point anſiyeringito.the , 2 1 of 
Febraary;being the firſt ſum. This 132 miles may be.taken in the 
Meridian within, or little without the two Laticudes, as before, 


namely, from 32 deg. 20 min.t0 34 deg. 32 min. In - 


The Sea-mans Pradtice. I15 


In like ſort, if you would make a Prick for the ſecond ſum, 
being the 24 of Febraary, it there appears that it muſt be in' 
the Latitude of 39 deg. 36 mn. and to the Eaſtwards of the Tra- 
verſe-Point laſt before made 430 miles , therefore in the Meri- 
dian of that Traverſe-point I make a Prick in the Latitude of ; 9 
_ deg. 36 min, and from that Prick 1 ſer to the Eaſtwards in the 
ſame Latitude 4 30 miles, and where that ends is the Traverſe- 
Point aniwering to the 2 4 Day, and the like is to be underſtood 
of all the reſt, | | 

Now this 430 miles may be taken ſeveral ways; for firſt, I 
I take one Degree about the middle of that part of the Meridian, 
which is intercepted between the Latitudes of the two places \ as 
from 36 deg. 30 mn. to 37 deg. 30 min.) and that degree ſeven 
times taken, 15 420 miles, then about the middle, namely, 3 7 
deg. I take Io mir. more, and ſol have 430 miles. 

In like manner, you may take two dep. or 120 thiles to mea- 
ſure it thereby, which may be taken from 36 degrees to 38 deg, 
and the re{idue about 37 degrees, as before, &c. | 

Or you may take the halt of 430 miles, namely, 215 miles, 
which 1s 3 deg. 35 mm. which muſt be taken as before, abour | 
the middle of that part of the Meridian which is intercepted be- 
tween the two Latitudes, and that doubled is 430 miles to be ſet * 
to the Eaſtwards, as before. 

And thus may this or any other Reckoning be {et down with- 
out knowledge of the Longitudes, but more aptly and exaQly by 
ſome Longitudes known, tor then ſhall you have in the rwo lat. 
Columns, the ſubſtance and principal ſcope of your Reckoning ; 
namely, the Latitudes and Longitudes of all places, as you Sal, 
which may more ealily and exattly be expreſs'd upon this Charr, 
then the Eaſterly or Weſterly diſtances, Therefore how this 
alſo may be done, we will ſhew, but firſt ſomething touching 
the Compaſs, and the Variation thereof, which ought not to be 
neglected in a Reckoning. | 
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CHAP. X. _ 


Of the Variation of the Compaſs, and how to re@ifie « 
. Courſe by the Variation known. 


Mongſt all the myſteries which God hath of late years 
diſcovered to the World forthe furtherance of Navy 4- 
tzor, there is none more neceſlary , nor yet more admi- 
rable than that property of the Needle touched with the 
Load-ſtone, whereby inthe vaſt Ocean where all Landmarks 
fail, yea even in the darkeſt nights and cloſeſt weather, when nei- 
ther Sun nor Stars are to be ſeen, the Mariner (as it were by a 
Meſſenger ſent from Heaven) is taught which way to direc his 
Ship; yea, as 1t were accompanied with a guide rowards his de- 
lired Port. Ya 
| For the Needle touched, beſides other ſtrange properties, hath 
this, ro potat out in all quarters of the World, the North and 
South parts of the Horizon, and ſo having a Card thereto fitted 
with Rumbs and Degrees, it ſheweth all Points of the Cmpaſs, 
and Degrees of the Horizon. 

Yer very ſeldom exactly of it ſelf, without fome further art and 
induſtry of him that uſeth it; for though in ſome places it ſwerves 
not, Yet in molt parts of the World the North and South Points 
of the Need!e have ſome Variation from the true North & Sourh 
Points of the Horizon to the Eaſtwards or Weſtwards, which 

| how to difcover'in Kind and quantity, we have ſhewed heretofore. 

It may be thought, (and ſome men otherwiſe learned before 

this property was fully diſcovered, have faid) that this ſhould be 
ſome blemith and tmperfe&tion in a Stone fo precious , but it is ſo- 
far from being an imperfection, that it makes it ſo much the more 
precious; Yet (as | have ſaid) nor without the induſtry of him 
that uſeth it, He that ts negligent or unskilful to obſerve it, eſpe - 
cially in long Voyages and Various Courſes, may be led into 

many dangers by 1t, becauſe he frames not his mind.to the Rule, 

| but: 
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but the Rule to his mind, imagining it to be winat it 1s Bot : and 

hence I ſuppoſe, ſprang that Cuſtom of placing the Needle or 

Wyars a Point or halt Point to the EaRtwards of the North Point 

of the Card, thinking by this means to ſkun the labour of obſer- 
ving the Variation, which indeed they might, if the Variation 
were the ſame in all places, and at ail times ; but becauſe it it nor, 
this doth often increaſe the errour. 

But he that diligently obſerves the Variation, finds'(as I ſay) 
no prejudice in 1t, only It requires datiy, or onee in two or three 
days half an hours work, and this labour it doth abundantly re- 
compence ; for by this means he knows at the preſent how ro di- 
re& his Courſe, and tor the future, by thoſe notes which he keeps 
of the Variations and Latitndes by him obſerved, he knows 
(coming that way again) when he draws near any of thoſe places 
where ſuch Obſervations were made, and ſo falls the more cer- 
_ tainly with any place intended. 

There is further difcovered of late a motion or alteration in the 
Yariation of the Needle, and this is ſcarce yet certainly diſcovered, 
But comparing the Variations which were obſerved about 5 9 
years paſt, with the preſent Variations : It appears they are lefler 
Eaſterly, and more Weſterly by 6 or 7 degrees, then they were 
at that time. For whereas the Variation hath formerly been 0b- 
{cried near London to be 1145 Deg. to the Eaſtwards, it doth now 
{carce exceed 4 Degrees. And thereis the like alteration (as I 
have heard by ſome Mariners) in other parts of the world; which 
we now leave to the further diſcovery of time and induſtry, and 
come to ſhew how to rectifie a Courſe by the Variation knowny 


The Point of the Compaſs upon which you Sail, and the 
Variation of the Needle known, to find ihe Rumb or 
Degree upon which the Ship hath made her why. 


T is beſt that the Needle or Y1ars be placed direRly under the 
Flower de luce, or North and South Points of the Card, and 
ſo in the Rules following we preſuppoſe th:m to be, * ow 
then It 15 to be underſtood , that the Needle haying Variation 
2 (4s 
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(as for th: moft-part it hath) the Ship doth not make her way. 
4 - upon that Rumb or Point of the Compaſs, which ſhe ſeems to ſail 
þ-* upon, bur either more. to-the right. hand or to the left, according 
3 as the Variation is towards the right hand, or towards the left, 
4 and that ſo much towards the one fide, or towards the other as 
that Variation is : We ſpeak not here of Lee-ward way, but of the 
3 Variation only. Therefore for the ſolution of this Problem, you 
| muſt know how mach the variation 1, and which way; and how 
Y' * this may be done, we have briefly ſhewed upon the 12 Caſe of 
right angled. Spherical Triangles, and the 11 of oblique, which 
E| known, you may find the angle of the Rm or line of your ſhips 
| way with the 44erid:as, being the thing in this Problems required, 


A.T able.of the Angles of every Point and half Point of the 
| Compaſs with the Meridian. 
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' For the effeRting whereof, we will ſet down two ways ; the 
one by the Pen alene, the other inftrumentally. If you do it by 
rhe Pen alone, although it be not hard to find what Angle every 
Point or half Point makes with the Meridian ;- yet tor yonr 
further eaſe herein, I have expreſſed the ſame in the Table before- 
Yoing ; the quarters of Points I have omitted, becanſe the Stee- 
rage upon a quarter of a Point is very uncertain (the Points be- 
Ing undivided as uſually they are) for a man by his eye 1s able 
ro guels very nearly which is the middle between two points, but 
he cannot gueſs very nearly which is the fourth part, Yet it 
you delire any quarter, you may add to the next before-going 
almoſt 3 degrees, namely, 2 degr. 49 mn. | 

Now then by the Magnetical Rumb or Point of the Compals 
and Variation given, to Fad the true Rumb, you are to obſerve. 
thele tw@ Rules ſollowing. | 

i. If the Rumb and the Variation be both the ſame way frons 
the Meridian (namely, both to the right hand, or both to the 
left) add then together, and that ſum ts the true Rumb fromthat 
part of the Meridian, 

Tet if that ſum exceed 90 degrees, Subſtrait it froom 180 
degrees, the remainder # the Rumb from the oppoſite parr of the 
Meridian, 

2, If the one be towards the right hand, the ather towards the 
left, Subſtratt the Variation from the Knmb, and the remainder 
z5 the true Rumb. | | 

Yet if the Rumb be the ſmaller nnmber, Subſtratt.it from the 
V ariatiox, and the remainder ts the true Rumbthe other way. © 
Theſe rules we ſhall endevour to illuſtrate by. examples following 

But firſt for diſtinion ſake, we ſay the Rumbs or degrees 
trom the North towards the Eaſt, are towards the' right hand, 


and ſo fromthe South towards the Weſt ; but from the North 


to the Weſtwards, . on the left hand, and ſo fromthe South Eaſt- 
wards.: For a mans face being towards the North,. the Eaſt 15 


. . on his right hand, and the. Weſt on his left, Fc. 


In1ike ſort for the variation of the Compaſs, it it have Eaſterly 
wariation, that is, if the Needle and Flower de Ince of. the Card 
hy ſtand: _ 
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ſtand to the Eaſtwards of the North, we ſay that variation is to= 
wards the right hand, ter not only the North Point, but all the 0- 
ther Points ot the Compaſs dire&. a Courie more towards the 
right hand than they woulddo, if there were no v4r1aitos, And 
ſo if it have Weſterly variation, thar is, it the Needle and Flow- 
er de Iuce ſtand tothe Weſtwards of the true North Point of the 
Horizon, we ſay that var3ation is towards the leit hand, toral- 
much as not only the North- point, but ali the other Petnts of the 
Compaſs, ſtand more :owards the left hand than they would do, 
if there were no var:4130u : This being premiſed, we come to 
give Examples of the two Rules betore-going. 

x. Let the Magnetical Rumb or Point of the Compaſs be 
Northeaſt, and the variation 10 degrees to the Eaſtwards, 1 
demand the true Rumb ? 

Here the Rumb and Variation are both one way; that is, both 
towards the right hand , therefore, 

To the Magnetical Rumb being N. Eaſterly 45 deg. 0mm. 

Add the Variation Eaſterly 1c deg. Om. 
The ſum is the true Rumb N. Faſterly 55 deg. 0 mW, 

2. Admit a Skip Sail upon the North Point of the Compaſs, 
and that the Variation be Lo degr. te the Eaſtwards, how doch 

ſhe make her way ? 

The Magnetical Rumb is North, that is, 00 deg. 0 m. 

To which adding the Eaſterly Variation IO deg. © WW. 

 Theſumis the angle 'trom the North part : 
of the Meridian to the Eaſtwards— 

Which is almo't N by E, and fo hath rhe Ship made her way. 

3. LetthePoint of the Compaſs be Eaſt 4 Point Northerly, 
that is, from the North to the Faſtwards 75 Points, which is 8.4. 

degr. 22 win. andthe Variation as betore 10 eg, to the Eaſt- 
wards, I demand the true Rumb ? | 

To the Magnetical Rumb being Northeaſt, 84 deg. 22 ms, 


IO deg. O Ws 


Add the Eaſterly Variation Io deg. 00 mm. 
The ſum15 the angle trom the North 94 dep. 22.18, 
Which ſubſtracted from 1.80 deg.CO mW, 


There reſts the true Rumb South eaſterly 385 dep. 38 m, 
| 4 Example, 
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4. Example. Let the Courſe by the Compaſs be Weft and 
by South, that is, 7 Points from the South ro the Weſtwards, 
or 78 deg. 45 min, and let the Variation be as before 1o deg. to 
the Eaſtwards, what is the true Rumb ? | 
© To the Magnetical Rumb South Weſterly .78 arg. 45 mis, 

Add the Eaſterly Variation IO deg, 00 In. 


The ſum is the true Rumb Southweſterly 58 deg. 45 min, 

You may cencelve that the Rumb and Vartation are here both 
one way : namely, both from the Meridian towards the right 
hand. For the Variation of the North Point is from the North 
rowards the Eaſt, and conſequently of the South Point from 
the South towards the Weſt, both towards the right hand of the 
Meridian, as the Rumb is. ; 

5 Example. Let the Courſe by the Compaſs be Weſt, tliar 
is, from the South to the Weſtwards 8 Points or 90 degrees, and 
Jet the Variation be as before 10 deg. to the Eaſtwards, 1 would 
know the true Courſe 6r Rumb ? | 


To the Magnetical Rumb Southweſt ge deg. o Win, 
Add the Variation Eafterly Io deg. n wir. 
The ſum is the angle with the South - : 
part of the Meridian. Ro 100 deg. ©. WI, 
W hich SubſtraRed from 1 80 deg. 0 win, 
There reſts the true Rumb N. w. 80 arg. 0 min, 


Let the Courſe by the Compaſs be Weft, that is, from the 
North to the Weſtwards 8 Points or 90 degrees,. and let the 
Variation be 10 4. to the Weſtwards : I demand the true Rumb? 


To the Magnetical Rumb Northweſt go deg. o min, 
Add the Nariation Weſterly | 1o deg, 0 min, 
The ſum 1s 1 00 deg. 0 114, 
Which SubſtraRed from 180 deg. 0 min. 
There remains the true Rumb Southweft 8$o deg. O min, 


Oftjeft, The Magnetical Rumb being here Weſt go deg. why 
hon!d it not as well be counted trom the $. as from the North. 

Arſ. It may becounted from eitker, for as it is counted here 

from the North to the Weſt wards it falls under the he Ot, 
ecal 
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becauſe the Variation is the ſame way : But if it be reckoned 


from the South to the Weſtlwards, it falls under the ſecond Rule, 
whereof we now come to give ſome Examples, ſuppoling theſe 


already given ſufficient ro illuſtrate the firſt Rule. 


7 Example. Let the Point of the Compaſs be N NW, and 
the Variation to deg Eaſterly, I demand the true Rumb : 
From the magnetical Rumb N W 22 deg. 30 min. 
Subſtract the Eaſterly Variation Io deg. 00 min. 
The Remainder is the true Runiv NW 12 deg. 30 min. 
8 Example. Let the Point of the Compaſs be North, .an 
the Variation Eaſterly 10 deg. what is the true Rumb ? 
From the Eaſterly Variation 10 deg, 00 min, 
SubſtraQ the magnetical Rumb N W 00 deg. 00 mn. 
_ The Remainder is the true Rumb, the 
other way, namely N E 
Objett, The magnetical Rumb may as well be named North- 
caſterly o deg. © min, 
 Aaſw, Itmay, butthen it is ſubje& to the firſt Rule, asin 
the ſecond Example. 
9 Example. Let the Courſe.by the Compaſs be Weſt, that 
15, from the North to the Weſtwards $8 Points, or 90 degrees, 
and let the Variation be as before 10 degrees to the Eaſtwards , 
what 1s the true Rumb ? 


I © deg. CO min. 


From the maagnetical Rub N W ' godeg, 00 mM. 
Subſtract the Eaſterly Variation 10 deg. 00 mn. 
There reſts the true Rumb N W 80 deg, 00 min. 


Here the magnetical Rumb might as well have been South- 
weſterly 90 degr. and'lo it had fallen under the firſt Rule, as in 
-the fifth Example. 

10 Example. Let the Courſe by the Compaſs be Welt; that 
is, from the South to the Weſt wards 8 Points or 90 degrees, and 
1-t the Variation be io deg. tothe Weſtwards, I demand the true 
Rumb ? 


From the magnetical Rumb S W 90 dag. 90 mY : 
Subſtract the Weſterly Variation 10 deg. 00 min. 
The remainder is the true Rumb S W 80 4g, CO mM, 


It 
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If the Rumb., here had been reckoned from the North; 'asin 
the ſixth Examp le, it had fallen under the Grſt Rule. 
- And 744 ' ſaffice for. the illuſtration of the two formee 
Rules i in the lion of this Problem. - | 


«0 
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;h | 
The "I may alſo more ealily be reſolved, bk ſuch cints: | 
ftrument as is here deſcribed, conliſting of two Circles, the one 
being the nethermoſt divided into four Quadrants, and every of 
thoſe into go deg. numbred from the North and South Points, 
towards the Eaſt and Weſt. 
The other being the uppermoſt and cioveable about the Centre 
divided ; as the Card of the Compaſs into XXXII Points, and 
thoſe again ſab-divided into halves and quarters. K - 
| R E:= 


124 Ee 
: By this you may readily find the true Rumb for any Courſe 
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and Variation given. fo ee Be al ae Tae 
For if you turn the North Point'of the upper Circle ; from the 
North Point of the lower, ſo many deg. and the fame way that 
the Variation is, and then lobk in the ſame upper Circle for the 
magnetical Courſe or Point of the Compaſs propoſed, you ſhall 
find right under it in the neather Circle what number of degrees 
the ſame is diſtant from the IV, or $. Points of the true Meridian 
towards the E. or #. which is the true Rumb here. required. 

As ſuppoſe the Variation to be 10 deg, Eaſterly, and the 
Courſe by the Compaſs Eaſt half a Point Norttherly, and there 


.be required the true Rumb ? | 


I turn the North Point of the upper Circle from the North 


Point of the lower 1 © deg. to the Eaſtwards, and then I look in 


the upper Circle, for Eaſt half a Point Northerly, and right un- 
der it in the nether Circle 1 find 85 4. and about one half numbred 
from the South part of the Meridian towards the Eaſt, therefore 
I conclude that the true Rumb required from the South towards 
the Eaſt, 85 & degrees and ſomething more. 
By this Inſtrument alſo (if you uſe the Pen only, as before we 


have ſhewed) you ſhall readily ſee when to add, and when to 
ſubſtraQ. 


CHAP. XI. 


To keep areckoning of your Longitude, an |, oto ſet down a reckon- 
ing by Longitude and Latitude only. 


N the Example before given of a Journal, we have in the 
RE and laft Column expreſſed in ſuch places as it ſeemed 
KL. moſt; requiſite, the-Longitudes, ' we come now to ſhew how 

- .. the ſame;may be known,: and firft,, © 
- By the Rumeb &r latitudes given, to find the difference of longitudes. 
_ As Radizs is in Proportion,: to the Tangent of the Rumb'; 
So is the difference of Latitude in Meridionalparts; - © -© 
To the difference of Longitude in Minutes, | © 
As let theRumb be North-eaſterly 48 deg. and ſuppoſe a Ship 
to run upon this Rumb, from the Latitude of 32 deg. 2 5 min, 
| Into 
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into the Latitude of 34 deg, 24 2:»., there is required the diffe-” 

cencsof Longinuge, ; 1 oo Bere EE 

The Meridional parts anſwering to 34 deg. 24 mir. 2200 

- The Meridional parts for. :; 32. 25 -; :2058 
The difference of Latitude in ſuch parts is nn 

Say then, as Rad is In proportion We 
To the Tangent of the Rumb, t, 48 deg. o min, 10,0456 
So the difference of Latitude in Merid. parts 142 © 2.1523 


To the difference of Longitude in Minutes 158 2.1979 
Theſe Minutes converted into deg. are 2 deg. 38 win. which is 
the difference of Longitude required, as the ſame is expreſled in 
che Journal againſt the 2 1 of February. 
- And thus Sailing upon one and the ſame Rumb, you may find 
the difference of Longitude, and ſo often as you alter your Ruth, . 
ſo often working by the ſame Rule, you thall have all thediffe- 
rences from place to place, which added together, make the 
whole difference of Longitude. 
But you may alſo find the difference of Longitude near enough 
at one operation for many ſeveral Rumbs and Diſtances, provided 
that thoſe Rumbs differ not much one from another. As in the 
former Journal from the 27 of February, till the 2 of March, 
I Sail by ſeveral Rumbs and Diſtances from the Latitude of 4.3 
deg. 5 5 main. into the Latitude of 48 deg. if you would find the 
difference of Longitude hereto an{werable at one operation, It 
may be done by this Rule. 
As the difference of Longitude in Miles, 
Is to the departure from the Meridian in Miles. 
So is the difference of Latitude in Meridional parts) 
To the difference of Longitude in Minutes. Tn F 
As in that Example, the difference of Latitude for all thoſe 
Courſes, as inthe North Column appears, is 2444- 
The departure from the Meridian, as there in the Eaſt Co- 
lumn appears, is 6301. | 
The Merid. parts for the Latitude of 43 deg. 55 mw. are 2939 
The Merid. parts for the Latitude of 5 8 deg. o w. are 3292 


Difference of Latitude in Meridional parts, is ' 353 
R 2 Wy 


» 
. i... Mt __ 
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Say then, As the difference of Latitude ' 2 444 co. ar. 6,6t1 9 


To the departure from the Meridian 6301 3-799 4 
So the difference of Latit. in Merid. parts 353 2.5478 
To the difference of Longitude in yiv. 910 2.9591 


Which reduced into degrees, is 15 deg. 10 min. And added 
ro the former Longitude 2 1 deg. 28 m9. TIE 
Gives the preſent Longitude 36 deg. 38 mz. for the 2 of March. 
_ Thelike may be done for the account trom the 2 of March, 
r0 the 5 of the ſame, 6. | 
- Butif your Courſes and Diſtances run, be all near to one and 
the ſame Parallel of Latitude (as in this Journal they are from 
the 5 of Marchto the 5) and from the 8 to the 10, then it is 
ſafficient to find what Longitude in that Parallel is anſwerable to 
the miles of: Eaſting or Welting , or departure from. the Meri- 
dian by this Rule. | | 
- As the Sine Complement of the Latitude of that Parallel, 

Is 1n proportion to 'Radivs , | 
"So 1s the number of Miles in that Parallel, 

. To the difference of Longitude in Minutes. 

As from the 5 of March to the 8, the Latitude was near 5o 
deg ..the Eaſterly diſtance 1 £6 3 miles : therefore for the diffe- 
rence of Longitude, ſay : LOT 

' As Sine Complement the Latitude, s. c. 59 deg. o min. 1919 

To Radine, | | 
So is the departure from the Meridian 186 8 3.2714 
To the difference of Longitude 290 6 3+e4633 
Thus it appears, the difference of Longitude 1s almoſt 2 g1 
min, which is 4.dtp.51 119. and this added to the Longitude upon 
the 5 of March, namely, to 46 dep.” 52 win. theſum is 5r 
deg. 43 min. the Longitude upon the 8 of March: the like might 
be done for the 20 of March, 

And though this laſt Rule be then fitteſt to be uſed, when your. 
Courſe is near Eaſt and Weſt, or your difference of - Latitude 
lictle, yetit mayalſobe nſed at other times inflead of the two: 
former, without any great Errour, if you take the middle degree 
of Latitude, or ſomewhat more, as in the former Example, 

e 
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The Latitude upon the 27 of Febrnary is 43 deg..5 5 min. 
The Latitude upon the 2 of March is 48 deg. 00 min. 
The middle Latitude, or ſomewhat more is 46 deg. 10 min. 
Say then,as {ine Comp. the Latitude 5. c. 46 deg. 10 m. 1595 | 
To Radius. = | 
So the Eaſting or departure from the Merid 630. 1. 3.7994 
bo the difference of Longitude, 909. 7. 3.9589 
Which isalmoſt 910 nz, Or 15 deg. 10 mn. as before. 
And thus you may in the 1 2 and laſt Column of your Journal 
fet down your Longitude fo often as you think it requitite ; and 
ſo in the two laſt Columns you ſhall have the ſubſtance and prin- 
cipal ſcope of your Reckoning, namely, your Latitudes and Lon- 
gitudes, which whenſoever you delire to ſet down in Mercator's 
( hart, or in the Polar Chart, or in any other graduated with . 
degrees of Longitude and Latitude, you may readily do it. 
As if I would ſet down the ſum of the foreſaid Journal from. 
the 19 of February to the 16 of Aarch, 1 find againſt the 10 of 
Adarch the Latitude to be 49 deg. '5 4 min. and the difference of 
Longitude 54 deg. 53 mt. Therefore in the Latitude of 49 deg. 
54 14. | draw an occult Parallel; and reckoning from the Sumz- 
mers-Iſlands:towards the Eaſt 54 deg. 53 min. Idraw by that 
Longitude an occalt Meridian, the InterſeRien of this Meridian. 
with the foreſaid Pafallel, is the Traverſe-point, or the Point re-. 
preſenting the place of the Ship, and the like is to be underſtood . 
of any other. © "ot 7 FOMONNE UT gat 
This form of keeping and expreffing a Reckoning, is (asI . 
conceive) moſt apt and agreeable (of all others thatl haveſeen 
or thought upon) ro all forts of Charrs or Maps, and to;rhe 
Globe it (elf , and to all the kinds or ways of Satling, that are or 
may be uſed. We will here add ſome other Propolitiens which 
may ſometimes be of good and neceflary uſe init, - "I 
The Rumb and Difference of Latitade grven : to fiid by the Table 
the Diſtance in the Rumb, and the Departure from the Meri-.. 
dian thereto anſwerable, 8c Ee ps kg 
He” to find the Northing or Southing, that is, the diftance 
A Ain Latitude; as alſo the Eaſting or Welſting, that ts, = Di- 
| ance. 
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ſtance in Longitude , or departure from the Meridian of any 


. Rumb, tor any diſtance run upon it we have before ſhewed, the 


like operation 15 in theſe Propolitions following : namely, 

2. The Rumb and diſtance in Latitude given : to find the di- 
ft ance inthe Rumb, and the Eaſting or Weſting. 

3- The diſtance and difference in Latitude grven : to find the 
departure from the Meridian and the Rumb. | 

4. The difference in Latitude, and departure from the Meri- 
dian given < to find the Cour(e and Diſtance, | 

Fe The Conrſe and departure from the Meridian given: to find 
the difference of Latitude and Diſtance. 

6. The diſtance and departure from the Meridian given : to 
find the Courſe and difference of Latitmde. 

So that with the firſt before- handled, here are ſix Propoſiti- 
ons; and in every of them two things required ; and ſo they be- 
come 12.Wewill not ſtand to give examples of them all,but only 


_ of thoſe which are moſt uſeſul, the reſt may by them be conceived, 


And firſt, to find the Eaſting or Welting of any Rumb for 
any difference of Latitude. 

Admit a Ship ryn North-eaſterly 60 deg. (thatis N E by E, 
and almoſt halt Point Eaſterly ) till ſhe have altered the Latirude 
42 #411. how much is the departed from the Meridian ? 

I rundown the Column under 60. deg. till -I find 42 miles, 
or 420 tenths, and againk it in the adjacent Column I find 72 8 
renths, that is almoſt 73 miles, which is the departure from the 
Meridian to the Eaſtwards. 

| If you would alſo have the diſtance upon the Rumb, it is right 


 apainſt thefe numbers in the Column of Diſtances, being inthis 
Example 84 miles. 


2 Example. But admit ſhe run North-eaſterly 60 deg. till ſhe 
alter her Latitude 1 deg. 32 min. what is the Eaſterly diſtance ? 
This x deg. 32 mi, is 92 miles, or 920 tenths, for which if 1 
look in the Col. under 60 d. I find no number 100 500 826 
ſo great, but the greateſt number there is 500, 84 420 725 
which ſubſtraRed from 920, ' there remains 
420, therefore in that Column under 60 deg. 184 920 15 94; 
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I look for theſe two numbers, namely, 500, and 426, and 
againſt the firſt in the adjacent Column I find $6, and againſt the 
ſecond 72 8, which I ſet againſt them as above appeareth, and fo 
adding them, I find for this difference of Latitude, the departure 
from the Meridian to be 15.95 miles. Fe. 

If further you defire the diſtance run upon this Rumb, you 
have it in the Column of Diſtances, right againſt the ſame num- 
bers, as in the example above appeareth , where being added, 
it- amounts to 1-84 miles. | FR ol 


- The diſtance aud difference is Latitude given : to :find the 
| ' Rumb and departure from the CMeridtan, 


A Dmita Ship run upon ſome Rumb between the North and 

the Eaſt 84 miles, and then have altered her Latitude 42 
41, the Queſtion is, upon what Rumb hath ſhe run, and how 
many miles is ſhe to the Eaſtwards in Longitude ? _ : 

I run croſs the Table towards the right hand, looking in every 
firſt Column of Diſtances for 84, till I find againſt itin one of 
adjacent Columns 4 20, at the rop of which Column over 420, 
there is 60 deg. ſhewing the Rumb to be North-eaſterly 60 deg. 
alſo againſt 420 in the adjacent.Column I find 72.5, which ſhew- 
eth the diſtance to the Eaſt wards to be almoſt 73 miles. __ 

2 Ex«m;le, But if the diſtance run be 184 miles, and the 
difference of Latitude 1 deg. 3 2 91%. and there be required the 
Rumb and Diſtance to the Eaſtwards. To carieha 

Becauſe the column of Diſtances extends but to 100 miles, and 
the diſtance here given 1 84 miles, you may take the half there 
of, which is 9; miles, and likewiſe the half of 1 deg. 32 mm. 
which is 46 miles, or 460 tenths, and rhen look, as betore, where 
you find 460 againſt 92, for there in the top of the Column you 
ſhall find the Rumb, which in this example is 60 deg. ſhewing 
. that the Rumb is from the N. eaſterly 60 deg.and inthe adjacent 
Column againſt yz and 460. you ſhall fnd.797, which doubled 
(becauſe it i5 for the half) is.1 594; ſhewing that the departure 
from the Meridian to the Eaſtwards is r 5 9 5E miles, Thele and 
the reſt may alſo be performed by the Dottrine of plan Triangles, 
as we have formerly ſhewed. ES CHAP. 
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__ CHAP. XIL. | 
Certain Problems touching Currents, 
\ Lthough the time be already expired which I aſſigned for 


this Work, and mine own more urgent occaſions call me 
away, yct ſeeing it 15 neceſſary in Navigation to take 
notice of Currents, and to make a competent allowance 
for. them-: I will briefly. ſet down. certain Problems, ſuch as 1 
have ſometimes thought upon, whereby a man. may the better 
conceive and judge of that allowance, the rather for that I know 
not any that have handled it. | 
Firſt then, it 15to be conceived, that a Ship or other Veſſel 
Sailing or Rowing where there is a Current, 'hath a-compound 
motion ariſing of two different Principles; namely of the Cur- 
rent and Ships way, fo that here are three motions to be conlide- 
red, namely, two f1mple, and the third compounded of them. The 
firſt ſimple motion is that of the Cyrrent, whereby it moveth, 
and is apt to;move other things that are init theſame way. The 2 
of the Ship or Boat, as it moveth by wind or Oars, or is apt to 
be moved, if there were no Current. The 3 compounded of them, 
1s the Line of the Ships true motion, The 1 , we call the way, or 
' motion of the Current : The 2, the way, or fimple motion of the 
Ship : The 3, her compound or true way. The 2 {imple motions 
being either of them according to right Lines and unitorm (as in 
the Problems following we ſuppoſe them to be.) The third alſo, 
- Which is compoſed of themis a right Line ; for whether the Ship 
Sail direRly oppoſite againſt the Current, or diretly with it the 
fame way, or whether the one croſs the other at right Angles or 
at oblique, yet ſtill either motton being dire& and uniform, they 
both together beget a right lmed uniform motion , becauſe rhe 
one retaineth to the other the one and the ſame proportion in eve- 
ry Point. And according to theſe grounds we proceed in the Prob. 
following,to determine the proportions of every of theſe motions, 
and the Angles which they make one with another. I, Ad- 
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i Admit a Current Tun Eaſt 3 Miles an honr, and that a Ship 


ander Sail run Weſt direftly againſt in 6 Miles an bony in her 
i; ſimple mon, what # her true or compound motion e 


From. the. Ships {imple motion | 6 miles 
SubſtraQ the Current Fac: 3 nuiles 
The Remainder is the Ships true motion 3 miles 


| Sothe Ships true way 15 to the Weſtwards 3 miles an hour. 

2 Admit a Current run Weſt 6 Miles an hour, andithat a Ship 

 wnder Sail rin diretily againſt.it 5 Miles an honr by the Log : 
what #8 the Ships componend motion, and which way! 


From the Current being the greater | | 6 miles 
Subſtract the Ships kkmple motion . .-.__ F miles 
The Remainder is the Ships true motion | x1 mile 


Which 1 mile ſhews, that the Ship by her compound motion 
falls a Stern, that is, moves to the Weſtwards 1 mile an hour. 
- In the experimental PraRtice of the two former Problems, it 
may ſeem, that a Ship or Boat ſo ordered, hath alſo a motion 
to the right hand, or to the left, but this comes to paſs, becauſe 
it is hard, and in a manner impoſſible to Stem a Tide or Stream 
ſo exactly, but that the Ship will ſwerve, (or yaw as they lay) 
either ro the one {ide or to the other. | Yo Ot 
3 Admit a Current run Eaſt 3 Miles an hour, and that the Ship 

alſo run Eaſt 3 Miles an hour by the Log : what # the Ships 


true motion ! 


\ 


To the Ships ſimple motion "4 Jn 
Add the Carre | 3 miles 
The ſum js the Ships true motion .. 6 miles 


' So the Ships compound or true way is Eaſt 6,miles an hour. | 
4 Admit a Current run Eaſt 2 Miles an hour, and the Ship South 
6 Miles an hour : what ts the Ships true motion, and which way! 
In handling of any Art, to avoid circumlocution, there are 
uſed Terms or Words of Art, ſerving to exprels briefly the things 
| handled. - And foraſmuch as this Subj hath not been formerly 
handled, nor the Principles or Grounds thereof laid (fo far .as I 
\know)we will add a few ſuch terms as may ſeem moſt neceſſary, 


 preſling here what we mean by them,  - © ; 
5 Let 
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Letthe Line A B run from A to the South- 
wards,and BD from B to the Eaſtwards,and let 
A B be in proportionto BD, as 6 to 2,0r 3 tor. 

Then doth AB repreſent the line of the ſhips 
ſimple motion, BD the motion of the Current, 
and AD the compound motion of the Skip. 

AndD AB is the Angle contained between 
the line of the Ships ſimple motion, and the line 
of her compound or true motion, wkich for 
brevity ſake we will henceforth call the Angle 
of Defleftion. Alſo ADB is the angle contained 

. between the Line of the Ships compound moti- 
Y.y on, and the ſet or drift of the Current , which 
| we will call the Angle of Reflebtion, 

Laſtly, eA B D is the Angle contained between the Line of 
the Ships ſimple motion, and the ſer of the Current, which we 
will call the Angle of Incidence. | 

T hen for the Rumb, the Proportion us thus, 


As the {imple motion A B6 miles co. ar. 9.2219 
Is to the Current B D 2 miles | ©.30T1 
So is Radizes — 


To the Tangent of Defletion: D A B 18 deg. 26 min. 9.5230 
 Sothe Rumb upon which the Ship makes her way good is 
South 18 deg. 26 mn, Eaſterly, that is, SSE 4 deg. 4 min. 
Southerly. 
2. For the Ships true way, or comporWM ation. 
As the Sine of the Defletions D A B 18 deg. 26 min. 0.5000 


. To the Current DB 2 miles ©.3ZOLI 
So Radins 
To the true motion AD 62% 0.8011 


v0 the Ships compound motion is 6 743 miles hourly, that is, 


- 67 miles almoſt. 


5. A Ship ſails Weſt 5 days together by the Log. 725 wiles, 
but there 1s a Current, all this while ſetting to the Southwards 
17 wiles an hour : I demand bow ſhe hath ſailed, and bow far? 
'Fhe Current ſetting 14 miles an hour,fers-in 5 days 186 miles : 
Therefore, As 
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As theffmple motion, AB 725 miles ».1 
Is to the Current DB 180 miles 4 o2 44 
Sois Radice, OO — 
To the Tangent of Defletion +D AB134.57 mw. 9.3950 
For the Diſtance, l 
As ſine compl. the Defletionsc D AB 134d, 57 mw, 0.0130 
Is to the ſimple motion 4B 725 win, 2.8603 
$0 is Radius | — 
To the compound motion A D, 747 miles 2.8733 


| So the Ships true way 1s Weſt Southerly 1 3 dep. 57 min.” or 
Sourhwelterly 76 deg.. 3 min. 7.47 miles. Noe 
6. A Ship ſails West 5 days together by the Log 72 5 miles, in « 
Current ſetiing to the Southwards, and thew finds that he hath 
altered his Latitude 3 degrees ; 1 demand the motion of the 
: Current, the true Rumb, and true way of the Ship? 


This Queſtion differeth little from the former, for ſeeing the 
difference of Latitudes is 3 deg, the motion of the Current is i 80 


miles : ſo there 1s given the Ships ſimple motion, and the motion 
of the Current, as before, &sc. 


7. A ſhipin 6 hours ſails from a certain Cape or Head-land South 
3 o miles by the Log, in gCarrent ſetting Eafterly, and then ob- 
ſerving the ſame Cape, he finds that it bears NNW, 1 de- 
mand bow faſt that Current ſets, aud how far he hath ſailed? 
As let a $hip ſail from A towards B South 35*miles, but by 
means of the Cyggent, ſhe is driven more Eaſterly, namely to D, 
from whence ſetting the Cape A, it is found to bear N, NJ. 
And ſeeing the Current ſets irom B towards D. Faſterly , there» 
fore the angle of Reflection BD A is 6-Points, that is, -67 deg. 
30 min. Here then is demanded the diſtance A D, and the drift 
of the Current in that time BD. 
As the line of the angle of Reflections BDA 67 d.30 w. .03 34 
To the fimple motion of the Ship AB 3o miles - (1.4774 
So the ſine of the angle of Deflection 5 DAB 22 d. 30 m9-'9-57 36 


To the motjon of the Current: BD 125535 | 1.0851 
S 2 And 
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| TORY And further, - Xx 
As the ſine of the angle of RefleRion 5 BD A 674. 30m. 0344: 
To the diſtance run by the Log eA B 30 mikes, '' , + 1:4771 
So is Radins Wn 
To thecompound motion of the Ship 4 D, 32 533- 1.5115 

And thus-we find that Current to ſet 12545, that 1s, near 125 
miles in 6 hours, and the diſtance run to be 325 miles almoſt. 

That the thing may be the better conceived , we will two or 
three Examples more familiar arid obvious to eyery mans expert- 
ence ;';yet grounded upon the ſame Principles and Reaſons. 


$ Admit that Tulis-ſtairs near from Billingſgate-ſtairs South- 
weſt Southerly, namely, Southweſterly 4o degrees, and be 
diftent $0 Poles: axd ſappoſe the Tide Ebbof to run there E aft 
ward 23 Mules an hour, and that a pair of Oars, reg 4% 
Miles an hour, would go ftraight over from the firſt tothe ſe- 

© cond © how ſhall they row over, namely, upon what degree or 
Point of ths Compaſs, and how far ſhall they row to get thither, 
«nd 1n what time ? 


- 
Yy al. —__ —_— FO" vs) 


. Let A repreſent Billingſgate-fairs, D Tulu-ſtairs, AE the 
6mple motion ef the Boat, E D the motion of the Current, then 
15:4 the angleof- Deflection; E the angle of Incidence , D the 
angle'of Refleftion 130 deg.'s 0 min. Ne Peri 
As the fimple motipn of the Boat A E 4+ miles 9.34679 


Ist0 the motion of the Tide . OD Et miles 9.39794 
$0 the Sine of Refle&ion - Ds5odeg. ' 9884325, 
To theSine of DefleRion  As234d.3m. . 9.6 289's 


: Thus then the Poſition, from {to D, being Southweſterly 40 
| | deg. 


deg. and the angle of Defle&ion A 23 d; 3 m. the poſition from 
A towards E, is South-weſterly 63 deg. 3 min. that is, WS 
Southerly. And ſo muſt thoſe Oars row to go ſtraight over, 


£0.45 Secondly, for the d:ſtance AE. 
From the angle of Refle&ion--/ D Fodeg. oo mm. 
Subſtra&t the angle of Defle&tion A 23 deg. 03 mn. 
And there reſts the angle of Incidence E 26 deg. 57 min. 
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As the line of Incidence SE 264d.57 m 0.34370 
Is to the true diſtance | eA D 80 Foles 1.90309 
So the Sine of Refleion 5D 50 deg. o min, 9.88425 
To the limple motion AE 135 53 Poles - 21,3104 


Laſtly, tor the time, ſeeing 3 20 Poles make a Mile, and they 
row, 45 Miles an hour, it is 2440 Poles in an hour: ſo the pro- 


portion 1s, | = 

As the {1mple hourly motton - 1440 6.8416 
To the ſimple motion before found. ' 1357? 2.1310 
So ts an hour in Minutes, namely, 6Gomm, : 1.7781 
To the time required in Minutes —&z 0.7507 


And ſo long will they be Rowing. 
9 But ſuppoſe they will row harder, to 904 ſhorter cut { namely, 


to go Southweſt by Weſt: how faſt muſt they go to row ſtraly be 
over, and haw far, aniin what time? *' © wg 
Then ſeeing thePolition from A to D is South-weſterly 40. 
deg. and Southweſt by Welt 1s South-weſterly 56 deg. 15 ma1n* 
therefore the angle of Defle&tionat A, is 16 deg. 1 5, mn, the 


angle of Reflection D as before, . 50 deg..o min. the angle of In” 
cadence E'is 3.3 408-45 WI of ih Erin 
As the Sine of Defleftion 5 An6deg.15 min. 55311 
To the' motion of the tide D E 23 miles 0.39794 
To the dine of the angle of Refletion D 50 deg. o m. 9.88425 
To rhe ſimple hourly motion of the Boat 'A E 65255 o.85 439 

And ſuch is the hourly motion of the Boat, namely; 6555s 


miles in an hour. | 


4 "of; 6 
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Segondly, for the ſimple motion. 


'As the Sine of Incidence  3sE334.45m 0.25526 
Is to the true diſtance AD vo Poles 1,90309 
So the Sine of reflection D 50 deg>o min, _ 9.88425 
To the (imple motion AE 1 1054 Poles 2,04.260 


- Thus it appears they muſt Row 1 1055 Poles to get over. 
Laſtly, for the tame. 
The hourly motion before found 67344 reduced 


into Poles, is | 2 19075 
As the ſimple hourly motio 2190 6.65956 
Is in proportion to an hour, or 60 min, 1.77815 
»0 is the {imple motion betore found 11074 2.04260. 
To the time required 3955 I. O«q8031 


Andſo long will they be rowing over. 

10. Bat admit a Scnller rowing 3 miles an hour , would croſs 
flraight over at the ſame time, upon what Point muſt he row,and 
bow far to get thither, and in what time will he doit ? 

. Firſt, For the angle of Poſition. 
As the hourly motion of the Boat A E 3 miles 0052288 


To the Sine of Refle&ion D s 50 deg. 988 425 
So is the hourly motion of the ſtream DE 24 min. 0.39794 
To the Sine of Defle&ion As 39 deg. 40 mm. 9.20507 


' Now ſeeing the poſition for Billingſgate to 7 wlis fairs, name- 
ly, from AtoD, is by ſuppoſition ro the Weſtwards of the 
South 40 deg. and the angle of Defle&ion A is here found to be 
39 deg. 40 mn, therefore the poſition from A to E, is from the 
South to the Weſtwards 79 deg. 40 min. which is # and by S, 
and almoſt 1 deg. Wefterly, and ſo muſt that Scaller row to go 


ſtraight over, Secondly, For the diſtance AE. 

| From the angle of Refleion D 50 deg. 00 mn. 

SubſtraQing the angle of Defletion A 39 deg. 40 min. 

© Therereſts the angle of Incidence E © rodeg. 20 min. 
As the Sine of Incidence 5 E 10 deg. 20 mis, 7 462 4: 

To the true diſtance AD 80 Poles -- I 90309 

So 15 the Sine of RefleRion 5D 5 © deg. © win. 9.88425 

To the {imple motion AE 341+ p. '21"S-$ 3358 


And 
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And thus it appears, that thengh the diſtance of the two 

places be but 80 Poles, yet it according to the queftion, he row 

but after 3 miles:an hour, and the ſtream ſet after 24 miles an 
hour, then he muſt row 34175 Poles t0 go the ſtraight way. 


Laſtly, F or the time, 
Three Miles 1s 960 Poles, ſay then 


As the (imple hourly motion 960 7.01773 
To the ſimple metion before found 34173 2.53358 
So is an hour in minutes, namely, 60min. 1.77815 
To the time required in Minutes 21 FEE 1.32946 


And thus it appears thar the time requiſite to row ever, rowing 
3 miles an hour; is 2152+ minntes, whereas we found before, 
that rowing there 4% miles an hour, they might row over in 57$2 
minutes, which is little more than a fourth part of the time, _ 

There might be other arid that great variety of Queſtions of 
this nature propoſed and reſolved, many of good uſe in pratice, 
which the Water-men by daily experience without other Rules, 
are able to gueſs at ſomething nearly, ſufficing for their occali- 
ons : my intent in theſe is eſpecially to explicate the Compound 
| motion of a Ship, or other Veſſel Sailing or Rowing, Where-thete 
is a Current ; which by ſach familiar Examples may ſeem more. 
evident. I cannot inſiſt upon them by reaſon of mine other' oc- 
calions, nor ſpend that time in theſe here handled, which elſe I 
would have done ; whence if any defe& or miſtake ſhonld/ ariſe, 
if the Reader be pleaſed to: give me friendly notice. of.it,[:L-ſhall 
' as thankfully accept it, and-reform it, Ve propoſe next aque- 
ſtion ar Sea, which let be this. | FE OBE E 


It. Theres a Current at Sea ſetting Eaſt 12 miles in 2.4 hours,” 
a Ship ſails ta the ſame from a certain-Port Weſt Southweſt 6 
days, and then returning thence, and ſailing N, E and by North 
3 das, falls with the Port from whence he firſt departed, demand. 
what bis dead reckoning was outwards, and what bath again, 
aud how far theſe two Ports were aſunder, and upon what Point 


of the Compaſs ? And. 


” 
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As let the Current ſet from E coweeds D,and tet the firſt Port 
be A, the ſecond F.and let the Courſe outward bound be repre- 


- ſented by AE, and the Courſe homewards by DD A, &c. 


And foraſmuchas D E is an Eaſt and Wett Line, and AE 
«Weſt Southweſt, therefore the Angle at E 1822 deg. 30 mn. and 
| by the like reaſon, the Angle at Dis 1,23 deg. 45 #14. Or 56 deg. 


15 win, and the angle at 1 33 deg. 45 min. and. E D being the 
ſerting of the Current for 9 days, is 108 mil:s. 


Firſt then, for the dead reckoning outward, namely AE. 


- As the Sine of the augleat A s 33 deg. 45 mn, -o2F5236 

TotheLine'D E 103d miles. _ 2.03 342 
-00 is the Sine of the angle at D 's 56 leg. KF min, 9.91985 
-To the Line. 4 E 16:2 2.20853 


Thus A E his dead Reckoning outwards 1s 1615 
Secondly, for AD. 


As the Sine of the angle DoAE 5s 33 deg. 45 mi. 425526 
Is te:the Line D E L108 miles _*'. 2:03342_ 
- 99-18 the ine of the angle-D EA 8.22 deg. 30 m1. See 


To the Line A D 7478 miles 1,97152 


Which 747# miles is his dead Reckoning homewards. 


Thirdly, for the angle D AF or DFA. 


© Thelide A D.is found - 74=t miles 
© Thelide DF; for 3 days, is 36 miles 
>: The ſum of, both is . | _ n165e 
Their Difference is _ 28:4 


The ſum of the angles D AFand DF A 5G deg. 1 5 min, 
1 he 
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LIN Gd þ The Proportion; | : 
As the ſum of the ſides 110755 7.95703 
Is t -their difference Fo I-55433 
So is the Tangent of 28 deg. 075 9.72706 
To the Tangent of © 10 deg,32 Wm. _ 9-2693%. 


Which added together, makethe Angle DF A 38 deg. 355% , 


And ſeeing the Rumb from F to Þ is Eaſt,and the angle. DE. 
384. 39 m.*, therefore the Kumb from F to A is to the North» 
wards of the Eaſt 38 deg. 3.9 m.5, that is N E by E almoſt halt a 
Point Northerly, which is the r#m2b from the ſecond Port to the 
fr. Laftly, for A F the diſtance of theſe two Poznt 5, 


As the Sine of the Angle DF 4, s 38 deg. 39%: «2 0434 


To the dead Reckoning 


Homewards A D 747% Miles I.S7152. 


So is the Sine of the Angie D s 56 deg. 15 min. 9.91985 
To the Diſtance _ AF 9933z Miles *..  I,9957Þ 
Thus the true diſtance of thoſe two Ports is 99 Miles, and 
{omewhat more. 
Sundsy other queſtions of like nature might be propoſed, which 
to him that well underſtandeth, theſe will not be difficult. 
Theſe Principles a little inlarged, may further with a few Ex- 


periments be applyed in the diſcovery ot ſome Myfteries in com- | 


pound motions not yet divulged ; though much endeavoured by 
ſundry Famous Men in ſeveral parts of £nrope, but theſe we [hall 
not touch at preſent. 


12. To find where there 5 a Current at Sea, alſo which \.- 


way it ſets, and how f iſt. 


: ax ;1 i i, 
His may be done by comparing the Reckoning, outWards;, 
I with the Reckoning homewards, whereos We will give aw! 


Example or two. | its 
Firſt, admit a Ship Sail from a certain Port, by one or ſeveral 
(Rumbs or Diſtances,) till ſhe arrive at a ſecond, and there find 
Reckoning by Courle and Diltance, that ſhe is more Soptheriy 
than, the Port from Which ſhe departed by 5 41, Miles, ,and 
more Weſterly by 145 Milzs : Fut by his Reckoning homes 
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wards, when he arrives again at the firſt place, he finds himſelf 
to the Northwards of the ſecond 541 Miles, as before, and to 
the Eaſtwards 305 Miles. Now ſuppoſing he were 3 days out- 
wards bound, and 5 days homewards bound ,.-1 would know 
Which way the Current ſets, and how faft ? Here, becauſe the. 
Faſterly diſtance homewards is-greater than the Weſterly diſtance 
outwards , therefore from the Eaſterly diſtance zo 5 Miles, ſub- 
ſtrat the Wefterly diſtance 145 Miles, the remainder being: 
' I 60 Miles, is the motion of the Current to the Weſtwards. 
And thus it appears, that the Current ſets to the Weſtwards, 
1:60 Miles in eight days, that is, 20 Miles a day, or 5 of a Mile 


* every hour. 


Ho : - | North. youth, | Eaſt, Weſt... 

North 2o Miles 20 o]. | 

| North N W 150 Miles T7 7 - many $47 4 | 

| North by Weſt x80 Miles [136 5|-——|—[35. 2 

[North go Miles 99. © | 

| Northeaſt 88 Miles _ 62 2 ” OR. 

Y 528 Miles 487.3 i62 2[92: F 

? | 62. 2 
30, 3 | 


third day North go Miles, the fourth day Northeaſt 88 Miles, 
and fo arrive at Cape Codd: then by theſe Courles and Diſtances 
we may gather by the foregoing Table, that Cape Codd ſhould 


by this Reckoning be to the Northwards 487 Miles-: and to the- 


Weſtwards zo Miles, as here appears. 


Now ſuppoſe ſhe Sail back again from Cape Codd towards the- 


Swmmer-Ifiandr,the firſt diy SSW 1 50 Miles, the 2 day SSW 


160 Miles, the third S by W 130 Miles, the ſourth day” 
th day Eaſt 11 © Miles, and fo be come- 


South 140 Miles, the fi 


- againto the Eaſt part of the Summer-Iſlaxds, South 
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690 Miles 


Theſe Courſes and Diſtances make, as here appearth, the 


Summer-1ſlands to be to the Southwards of Cape Cod 5 54 miles, 


and to the Weſtwards 3o miles. 


' Therefore by this laſt Reckoning .back again Cape. Codd: 


ſhould be to the Northwards of the Summer, /ſlauds 5 54 miles, 
and tothe Eaſtwards 34 miles, whereas by the tormer Reckon- 


ings outwards, it was te the Northwards only 487: miles, and: 


to the Weſtwards 3o miles ; ſo that che difference of theſe two 


Reckonings outwards and back again, is 67 miles Northerly, 


and 64 miles Eaſterly, which ſheweth that the:Current in thar 
time, namely, in g days, hath ſet to the Northwards 67 miles, 
and to the Eaſtwards 6 4 miles ; that is, Northeaſt lirtle North- 


erly 93 mites, as by the fore- going Table doth appear , which 


is 104 miles every day. 


And what we have here done by,the Tables might have been 
done (as the fore-going Problems) by the Dot#rine of Plan 


Triapgles.. 


{South SW 150 Miles, {—1|138: 6| | 57s 4 
| South S W. 160 Miles -» 5 | —=147- Y ————61:. 3] 
| South by W 130 Miles Lo k pPom—_—_—77 125. 3, J 
South 140 Miles tO pico — - | 
Faſt 110 Miles ——|——|r0. o—— 
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Is Printed and ſold by Benjamin Hurlock, over againſt S. Magnus 
3 Chutch, o» London-Bridge near Thames-ſtreer. 
"\N, T 0r3v004s Dottrine of Triangles, with Logarithms, lately printed, exattly 
, corre&ed, and much enlarged by the Author himſelf, Xorwood's Epitomy, | 
-- applyed to-plain and Mercator's ſailing. Safeguard of Satlers, or Great ; 
- FI K utter, by Ro.Norman. Sea-mans Secrets, Path Way Io perfetl Sailing, by Rjoh. 
v. dolter. Pitiſcus his -Dorine of Triangles, with Canons, Navigator, by, Cap; 
WE barles Saltonflal, newly printed with addittons, ſhewing the deceits of the platy 
Charts uſed in our time, and a way to prove the projeCtion of any plain (hart, 
EDary's deſcription and uſe of the Univerſal Quadrant. Sea-mans Diltionary, or WO 
he Expoſition and Demonſtration of all the parts and things belonging to a Ship; 
KE&by Sir Hen. Manwaring, Sea-mans Companion, teaching Arithmetick, Geometry, 
FEEIriyonometry, Navigation aud Aſtronomy, by 24. Norwood, Newly printed. 
WE -ExaQ Tab es of Natural or Artificial Sines,Tangents, vecants, and Logarithms, 
Ewith an Inflitution Mathematical, . _ ; 
} Sea-mans Gla(s, now newly publiſked, with the ad dition of many Propoſitt- 
F ons in Navigation, 4ftrouomy, and Dyalling, not betore printed, 
# The Complete Canoneer, ſhewing the principles & grounns of the art of Gunnery, 
P :as alſo ſeyeral Fire=works for Sea and Land, 
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Fi The advancenint of the art of Navigaiiqn, cr Sea-mans Canon of Triaugles,ſhew- 
Ing by a new'Canon of Sines, Tanyents, and Secants, how to reſolve all Caſes 
+>.of right lined Triangles, only by looking into the Tables applyed to Sailing, by 
the plain Chart, Mercator*s Chart, by a Great Circle, and to'the art of Surveyug. 
> T1i;onometria Britanica, or the Doctrine of Triangles in 10m exhibiting the 
= Logarithms of all Numbers, from ove to a hundred thouſand, and the Sines and 
"+ Tangents to the hundred part of a degree, with Mr. Geliibrand's Dottrine of Tri- 
angles, faithfully tranflated out of the Latine Copy. 

FO. The Seftor 0n 4 Quadrant, or the Deſcription and uſe of three Quadrants, and 
[& Azimuth univerſally in the equal Limb, © Te TI 
: 2 The Cormplizk Modelif?, ſhewing how to raiſe the Model of any Ship or Veſlel, ei- 
+ ther in proportion or uut of proportion, and to find the length and bigneſs ot eyery 
= Rope 1n all \'cflels exatly, with the weight of their Ankors and Cables. | 

6 The Pilots Sea-Mirrour, which is a Compendium of the largelt Waggoner. 
> The Complete Ship-Wright, teaching the propertions uſed by experienced Shipe 
+. wrights,aecording tothcir cuſtom of Bailding, with the drawing of a Draught, the 
> making and marking of a Bend of Moulds, &c, both by Arithmetick and Geo- 
© metry, by Edmy Buſhael.. 2-091: 5} | 

The Saints Ankor bold in all Storms and Tampeſts, by Fohu Davenport, 

14 The Mariners Compaſs Kefifyed, a Book furmithed with Tables of hour and Azi- 
& mutn, uſctvl in Nav:gation, c ilculated from o deg. to 60 deg. of Latitude, with the 
& ple of all Inftruments in Navigation, By 4udrew Wakeley. f 

| The Mariners Magazine in folio, containing the Deſcription of the Scale of 
k. vCales, with the art of Navigation, Surveying, Gauging, Gunnery, Aſtronomy 
E Dyalling, Fortification, By Cap, Sam. $turmy, 

\- Aathematical Manual in oftavo, by Mir, Phillips, Of Navigation, Gunnery, 
EDyallng, Surveying, Gauging : with a Table of Logarithms to 10000. 

= The Geometrical Sea-man, ſhewing the 3 kinds of Sailing by the true Sea Chart, 
ww Mercator's Chart,and by a great Circle, with 2 TrayerſeTables, added by H.Phillips. 
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